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1 
Abstract 
In many parts of the world rice is the stable food, responsible for up to two thirds of the calorie 
consumption. Many small scale farmers have limited access to inorganic fertilizer. The purpose of this 
study is to investigate how agroforestry practices affect rice yield and the soil parameters carbon, 
nitrogen and phosphorous; and under what circumstances is it favorable for small scale rice farmers to 
adopt agroforestry practices? 
In the present study we review the theory of rice production and agroforestry. A meta-analysis has 
been conducted on rice yield and soil properties, C, N and P, in rice-agroforestry as compared to 
conventional rice farming. 297 studies were reviewed whereof ten studies fulfilled the requirements 
and were included in the meta-analysis. The yield results showed that when no mineral fertilizer is 
available rice yield significantly increased by 36% (P=0.05) with the introduction of agroforestry. On 
the other hand if mineral fertilizer is available the results showed conventional farming yielded 28% 
more than agroforestry (P=0.0002). Generally we dealt with two groups of agroforestry practices. 
Systems with trees in the field, and systems with tress away from the field. The results show a clear 
difference between having trees in the field, as compared to away from the field. The result showed 
that systems with trees away from the field gave 0.42 t ha-1 more rice than systems with trees in the 
field.  
Soil fertility was on all tested parameters (C, N, P) improved significantly by 5% (P=0.03), 7.4% (P=0.04) 
and 36% (P=0.0004), respectively, subsequent to the introduction of agroforestry. Furthermore the 
results showed an increasing trend in soil carbon over time when changing to agroforestry. 
The results are discussed on the basis of critical realism, meaning that we conclude on the underlying 
structures, which have defined and constrained the empirical data used in the study.  
The meta-analytical process of this study, showed that research within rice-agroforestry was relatively 
short sighted and may not have explored the full benefit of agroforestry e.g. increase in soil carbon, 
long term effect on rice yield or the disadvantages of tree growth within the field. To give a statistically 
stronger picture, conduction of more field studies is needed. However the results from this 
investigation clearly show that the use of agroforestry is a way to improve small holder farmers’ rice 
yield, when applied according to local conditions. 
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Resumé 
Ris er i mange verdensdele hovednæringsmidlet, og udgør to tredjedele af verdens kalorie indtag. 
Mange små ris-landbrug har begrænset adgang til kunstgødning. Formålet med dette studie er at 
undersøge, hvordan ris-skovlandbrug påvirker risudbyttet og jordparametrene kulstof, kvælstof og 
fosfor, og under hvilke omstændigheder det er gunstigt for risbønder at implementere ris-
skovlandbrug? 
I dette studie præsenteres en gennemgang af ris- og agroforestryproduktionsmetoder. Herefter 
udføres en meta-analyse, med det formål at teste forskellen mellem ris-skovlandbrug og konventionelt 
ris-landbrug. Der blev i meta-analyse processen gennemgået 297 artikler, hvoraf 10 studier opfyldte 
kravende til at blive inkluderet. I ugødskede forsøg viste ris-skovlandbrugene sig at give 36% (P=0,05) 
mere ris end det konventionelle landbrug. Billedet ændrede sig radikalt med gødskning, hvor det 
konventionelle landbrug producerede 28% (P=0,0002) mere end ris-skovlandbrugene. I hovedtræk 
arbejdede vi med to radikalt forskellige ris-skovlandbrug. Et system med træerne på marken, og et 
med træerne tæt på, men udenfor marken. Generelt producerede systemet med træer udenfor 
marken 0.42 t ha-1 mere ris end systemerne med træer på marken. 
Vi undersøgte også jordfertiliteten (C, N, P), som følge af ris-skovlandbrug. Alle jord parametre blev 
signifikant forbedret af agroforestry systemerne C: 5% (P=0,03), N: 7,4% (P=0,04) og P: 36% 
(P=0,0004). Derudover undersøgtes ændringen i jordens kulstofsprocent over tid. Her blev der fundet 
en signifikant forøgelse i ris-skovlandbrugene, hvorimod der ingen ændring var for det konventionelle 
landbrug. 
Resultaterne er diskuteret med baggrund i kritisk realisme, hvilket betyder at vi konkluderer på 
baggrund af underliggende strukturer, som har defineret og begrænset den empiriske data brugt i 
dette studie. Da studierne er udført på eksperimentelle forsøgsmarker, kan det derfor ikke siges 
hvilken konkret effekt det vil have for mindre ris-landbrug i udviklingsland på grund af divergerende 
omgivelser. 
Meta-analysen udført i denne undersøgelse, gjorde det klart at de udførte studier om ris-landbrug kun 
viste kortsigtede resultater. Det langsigtede udbytte af ris-skovlandbrug, såsom hvor lang tid kulstof i 
jorden bliver ved med at øges, effekten på risudbytte samt andre fordele og ulemper ved at have 
større træer på marken, blev ikke målt fyldestgørende af de inkluderede studier. For at give et mere 
fyldestgørende billede ville det være gavnligt med flere langsigtede studier om ris-skovbrug 
sammenholdt med udbytte og jordens frugtbarhed. Alt i alt gav denne undersøgelse dog et klart 
billede af, at ris-agroforestry under givne omstændigheder kan være med til at forbedre forholdene for 
de mindre ris-landbrug. 
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1. Introduction 
About half of the world population has rice as their main calorie source. In many countries rice 
presents more than two thirds of the consumption of calories and more than half of the protein 
consumption. It is the staple food in 34 countries in Asia, Latin America and Africa and is decisive for 
the food security in the world. The dependence on rice is expected to increase in the same way as the 
overall demand for agricultural products (World Rice Statistics, 2013; FAO, 2004). It has been 
estimated by The International Rice Research Institute (IRRI) that by 2035 the number of people who 
depend on rice as their main source of food will have risen by more than 40%. To meet this rice 
demand the global rice production needs to increase at a rate of about 1.5% per year (115 m t), or 
0.8% more than the actual rate, shown in figure 1.1 (Bouman, 2013). This increase will have to be 
achieved on less land, water, chemicals and labour (Khush, 2001) 
Worldwide it is estimated that 2 billion people are employed in growing and processing rice and most 
of the world’s rice (The Food and Agricultural Organization of the United Nations (FAO) estimates 90%) 
is produced and consumed by small scale farmers in developing countries. In Asia up to 60% of the 
cropland is used for rice production and here the poorest parts of the populations spend up to 40% of 
their income on rice (fao.org, 2004a). 
Population growth of an annual rate of 1.3%, with 83% of these increases occurring in developing 
countries (Khush, 2001), has increased the demand for agricultural products and hence increased the 
pressure on arable lands. This has caused intensification of the agricultural practices, shortening of 
fallows and more labour and input demanding agricultural practices. Forest lands are continuously 
being included in food production and the rural population has to travel further to reach areas where 
fuel wood can be collected. The loss of forest has many diverse consequences, such as soil depletion, 
loss of biodiversity and threatened ecosystems services etc. (Bremner et al., 2012; Scherr, 2000; 
Franzel & Scherr, 2002; MacLean et al., 2003) and combined with overexploitation of water resources, 
it has caused over 20% of all lands to be considered degraded (World Agroforestry Centre, 2013).  
Figure 1.1: Increase in global rice production needed above 2010 level to meet demand up to 2035 (Global Rice Science Partnership 
2010) 
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Mineral fertilizer can contribute in solving this problem, however many smallholders in developing 
countries do not have access to mineral fertilizer, because of the costs and supply problems (Ehui & 
Pender, 2005). Fertilizer prices have been pushed upwards by the increase in oil costs and in many 
places government subsidies have been removed, thus decreasing the availability of inorganic fertilizer 
even more for farmers (Ehui & Pender, 2005). Furthermore inorganic fertilizer can have environmental 
implications, such as nutrient leaching out of the farming systems and polluting nearby water 
resources (Umrani & Jain, 2010). In many parts of the world and especially in poverty stricken rural 
areas millions of people rely on low input but complex farming systems, which combine several crops, 
plants and animals, application of few tools and little or no inorganic fertilizer. The lack of resources 
such as tools, fertilizer, labour etc. has in many regions caused the intensification to become 
unsustainable (Agus et al., 1998; Tomar et al., 2012; Rajashekhara et al., 2008). 
Efforts to increase rice production productivity in a sustainable way are needed (fao.org, 2013a). 
According to the World Agroforestry Centre and FAO long-term change in productivity, which 
improves food security and environmental sustainability, depends on the farmers’ ability to change 
practices and adopt new production systems, such as agroforestry (World Agroforestry Centre, 2013; 
FAO, 2013). A very broad definition of agroforestry used by World Agroforestry Centre is: “A dynamic, 
ecologically based, natural resource management system that, through integration of trees on farms 
and in the agricultural landscape, diversifies and sustains production and builds social institutions” 
(World Agroforestry Centre, 2013). A more scientific way of defining agroforestry was presented in the 
first issue of the scientific journal Agroforestry Systems. The author states that for a specific 
agricultural production to be defined as an agroforestry system two characteristics have to be present: 
“1. The deliberate growing of woody perennials on the same unit of land as agricultural crops and/or 
animals, either in some form of spatial mixture or sequence; 2. A significant interaction (positive and/or 
negative) between the woody and non-woody components of the system, either ecological and/or 
economical” (Lundgren, 1982). Hence the definitions imply that an agroforestry system is more 
complex than mono cultural systems. The cycle of the system is longer than one year and it has more 
than one output. It is structurally and ecologically more diverse than conventional mono cultural 
farming systems1. The definition excludes systems where the trees are planted outside the field, with 
the opportunity of using green manure without risking negative effects of trees and crops competing 
over resources. The definition used in this study includes agroforestry systems as defined above, but 
also systems where trees are not planted in the rice field, but close to, which is used in many rice-
agroforestry systems (Das et al., 2010; Tomar et al., 2013; Whitbread et al, 2003).  
Agroforestry has been practiced ‘informal’ throughout history, but during the 1970s it has been 
articulated as a specific ‘formal’ strategy in the struggle to alleviate poverty, to secure and sustain rural 
livelihoods and to protect and preserve the environment (Nair, 1993; FAO, 2013; The World Bank, 
1990). Agroforestry has been presented as a system which has the ability to solve many of the 
ecological and environmental problems associated with increasing pressure on farm land, forests and 
food security. Hence pressure on forest lands could be relieved by incorporating trees in agricultural 
systems (World Agroforestry Centre, 2013). Agroforestry is said to have among others the following 
advantages: protect soils from erosion and maintains soil fertility2, without the use of inorganic 
fertilizer; provide natural pest control; diversify the risks of crop failure and also enhances resilience 
                                                          
1
 Here conventional farming refers to farming in the tropics or sub-tropics often in developing countries without 
application of alternative methods, like agroforestry or organic farming. In practicality this often means 
agriculture through permanent systems or shifting cultivation, often with no application of fertilizer. The scope of 
this study does not entail the comparison of agroforestry and shifting cultivation however. 
2
 Referring to the ability of producing crops. 
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and to increase the agricultural output (Pinho et al., 2012; Marten, 2001:100ff); and hence also the 
ability to improve the food security, nutrition, income, health, shelter, social cohesion, energy 
resources and environmental sustainability (worldagroforestrycentre.org, 2013b). World Agroforestry 
Centre has the vision of rural transformation in the developing world through smallholder farmers 
including trees in their agricultural production, in order for agricultural land to be arable in the future 
(Nair, 1993). FAO (2013), The World Bank and other large and influential organizations are promoting 
agroforestry as a combined solution to the interrelated problem of poverty, population growth and 
environmental degradation, and hence used as a development strategy (USAID.com, 2013a; 
worldbank.org, 2013a; World Agroforestry Centre, 2013).  
Much research point to the conclusion that the decision of adopting resource-conserving practices like 
agroforestry are most often based on the expectation of increased productivity, output stability 
through risk reduction and enhanced economic stability (Mercer, 2004; Arnold & Dewees, 1995; Sain & 
Barreto, 1996; Salam et al., 2000; Scherr, 2000). Agroforestry has certain advantages, however a 
number of obstacles exist, which must be considered before adopting agroforestry systems.  
For agroforestry to influence on future food security and environmental sustainability in developing 
countries it must be desirable and applicable for small scale farmers3. It is therefore important to 
investigate if agroforestry can secure the production of rice for small scale farmers. For a farmer to 
adopt a new practice, the practice must be worthwhile introducing and it must be perceived as a more 
favourable agricultural practice than conventional farming. One of the issues in promoting 
agroforestry is that the most important effects of agroforestry and its contribution to sustainable land 
use can only benefit local farmers if the agroforestry systems are adopted and maintained over long 
periods of time (Mercer, 2004). Agroforestry systems are likely to take three to six years before the 
benefits are fully realized. Another issue causing a lack of success of agroforestry is the 
multicomponent nature of the systems. The complexity of agroforestry makes it necessary with long 
testing periods and often more modifications than in conventional farming (Franzel et al., 2002). 
Agroforestry is typically more knowledge intensive and more education, experimentation and 
modification is needed. This means that extension services promoting agroforestry are more difficult 
to administer and plan (Mercer, 2004). Hence agroforestry has its difficulties in proving effective in rice 
production, which most likely has affected the low adoption rate (Mercer, 2004). 
Scientific experiments also give a divers picture of the effect agroforestry has on soil fertility and rice 
yield when implemented. Samzzusaman et al., (1999) for example find the content of both carbon in 
the soil and yield declining with the introduction of agroforestry in comparison with an unfertilized 
control, whereas most of the other study references on contrary reported positive or insignificant 
results on this matter. These among other contradictions between studies; give rise to the question 
whether introduction of agroforestry will have a positive effect on yield and soil fertility. In order to 
give a general picture a meta-analysis will be performed on ten studies which have investigated and 
concluded on the difference in yield and the soil fertility parameters (carbon, nitrogen and 
phosphorous) between rice-agroforestry4 and conventional rice production.  
                                                          
3
 Small scale farmer and smallholder will be referred to identical. Meaning people growing crops, in part to be 
used by the individual household, and with farming being a significant source of the livelihood of the household. 
This implies that some farm products may be sold on markets (opposite subsistence farmers who consume all 
produce and sell nothing). 
4
 Rice-agroforestry refers to the incorporation of at least one woody perennial in rice production. In field or close 
to field. 
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The eligibility of World Agroforestry Centre lies within the success of the utilization of agroforestry. 
Therefore a critical view on the actual applicability of agroforestry must be presented without regards 
to established conclusions on agroforestry. The question is if the complex systems of agroforestry 
practices are applicable and rewarding for smallholders. In other words the aim of this study is to 
investigate:  
How do agroforestry practices affect rice yield and the soil parameters carbon, nitrogen and 
phosphorous; and under what circumstances is it favourable for small scale rice farmers to adopt 
agroforestry practices? 
This will be studied through a systematic literature review followed by a meta-analysis and discussion 
on found results. This method will allow us to sum up on, possibly, all existing literature in this field, 
which will enable this study to present a gathered overview of the effect of rice-agroforestry. Yield will 
be investigated through the effect of trees and fertilizer on rice grain yield in t ha-1. Soil fertility will be 
investigated through the parameters nitrogen (N), phosphor (P) and carbon (C). C will be investigated 
also in the long run. Hence the specific objective of this study is also to determine the factors that 
moderate the effect of agroforestry and to conclude on the overall utility of rice-agroforestry.  
In order for us to gather all the diverging results and sum up on how yield and soil parameters are 
affected by the implementation of agroforestry, we must understand the output and the systems 
which determine the output, this will be examined through the theories of critical realism and 
agricultural economics. Furthermore the nature of the rice plant and rice production will be described 
in order to assess what resources and management practices are needed to obtain a successful 
intercropping of rice and trees. The prerequisites for increasing the rice grain yield will be identified 
and analysed using the theoretical framework on small scale farmer economy and practices. In the 
following a presentation of the theoretical background of this study is presented. 
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2. Theory on Agricultural Economics and Physical Geography 
The basic of agriculture is the conversion of solar energy into agricultural products. “The more solar 
energy received per hectare, the greater the agricultural potential, provided sufficient water , 
nutrients, and labour are available (Ruthenberg, 1980:19 Hence human and animal energy, machinery, 
fuel, fertilizer and other energy sources are determining factors when transforming solar energy into 
products useful for people(Ruthenberg, 1980:19).This chapter elaborates on the theoretical 
considerations of the relations between socio-economic structures, biotic and abiotic production 
prerequisites and how these are managed by the farmer. The theories of critical realism and 
agricultural economy entailed in this chapter will clarify the agricultural economics of small holder 
farmers and thus contribute to the understanding of what favourability might indicate for small scale 
farmers of rice-agroforestry.  
 
2.1 Physical Geography and Understanding Reality: Critical Realism 
Studying physical geography from a critical realistic point of view is to understand reality as 
differentiated and stratified, meaning that underlying laws related to underlying structures 
determining the relation between the entities of which reality is made. Reality is stratified, meaning 
that entities at one level are subject to the laws of that level. For example a unit made up of molecules 
is subject to the laws of molecules, but at the same time the interactions of several units made up of 
molecules produces new laws only found at the level of these units (Inkpen, 2005:30). In this way 
every unit is constrained by the laws at lower levels. New relations and laws can emerge, but always 
within the laws of the lower level. This however does not mean that the new relations are predictable 
from the laws at the lower level; they are only constrained by them. This also means that units at one 
level can never be reduced to the laws of the lower level. For example trees in a rice field are 
constrained by the laws of the level of nutrients cycles, but are affected and developed by many other 
levels as well. Therefore causation and explanation needs to be appropriate for the level of the units of 
interest (Inkpen, 2005:30; Ruthenberg, 1980:2). 
At the same time it must be realized that explanations can occur at different levels and that all units 
are encompassed by the levels of systems and mechanisms. The systems and mechanisms are 
determining for the relations causing new events and thus for the range of possible events. Besides 
the range of possible events is the actual. The events that actually happen as a consequence of the 
interactions of units affected by mechanisms within systems are ‘the actual’. Besides the level of the 
actual is the level of experience, which consist of the events which are experienced and sensed. When 
moving from the possible range of event, to the actual events, to the experienced events, the number 
of events available for study decreases (Inkpen, 2005:33). This means that the experienced events 
which are the objects of study in the ten studies of this meta-analysis are constrained by laws and 
systems at other levels and that they are only a fraction of the actual events (Ruthenberg, 1980:2).  
In practice this means that the laws of nutrient cycles (determined by the laws of physics, chemistry 
and biology) are determining for the outcome in rice-agroforestry systems, but at the same time the 
systems (economic, cultural, climatic, etc.) within which the rice-agroforestry system is decisive for the 
success of it. 
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2.2 System analysis 
The development of system analysis derives from the need to communicate between subject areas. 
The same systems and frameworks can be used across subject areas for the purpose of making it 
possible to understand and analyse the same reality, despite coming from different subject areas. 
Ideas of frameworks can be so general that they can encompass all of reality and can be used to 
predict any part of reality (Inkpen, 2005:103). This is not however implemented in this study, but gives 
an understanding of systems analysis. A system can be seen as “an integrating concept unifying the 
different entities found in an environment within a common analytical framework” (Inkpen, 2005: 104). 
The focus here is put on the integration of concepts and on the unification of different entities in an 
analytical framework. The use of system analysis in this study is not an attempt to define an 
abstraction that exists in reality, it is a simplification of reality used to analyse the meta-analytical 
results and their relationships. The above is clarified because systems can also be defined as “a set of 
objects together with relationships between the objects and between their attributes” (Inkpen, 
2005:104) which implies that reality can be clearly and definitively defined and divided into distinct 
entities and relations. The entities and relationships of the systems is defined by the users and thus 
not a reflection of reality (Inkpen, 2005:105), which means that the system analysis in this study 
utilises system models (simplifications of reality), rather than a universal abstraction.  
“A system is only a model of reality; it is a simplified representation of what the researchers believes to 
be real and important for the operation of the particular small area of reality they are concerned 
with.” (Inkpen, 2005:108) 
In practice this means that terms, such as ecosystems, nutrient cycles, farming systems and rice-
agroforestry systems are utilised as simplifications of reality, making it possible to analyse and discuss 
the entities or variables of which they are constituted and their internal relations. Due to the simplicity 
of these terms, that will never encompass all of reality, the findings of this study will not be directly 
comparable with reality, but they will be a description of causalities and patterns, developed in the 
light of the theories used to describe agroforestry, useful when discussing rice production in the light 
of scarcity and sustainability. 
It also means that simple drawings (figure 2.1 e.g.) can be utilized in order to describe very complex 
matters. This is possible due to the process of simplifying reality and understanding it as consisting of 
variables and their mutual effect on each other and from this creating a replicable model. Using this 
method of understanding the reality of physical geography, makes it possible to identify trends and 
patterns, and quickly assess them in relation to another part of reality. In this way a holistic and 
universal understanding of the physical reality can be identified, without claiming to have described 
the actual reality (Inkpen, 2005:107f).  
Unlike positivistic and critical rationalistic approaches to reality, the critical realistic approach tries to 
encompass all relevant levels and not only the experienced events (Inkpen, 2005:33; Hansen & 
Simonsen, 2007:130f). Of course all systems and mechanisms cannot be mapped and a full 
representation of the causalities with all its complexities cannot be presented. However it is important 
to look at the determining levels, choose the ones appropriate for study and incorporate the 
mechanisms which can be understood and perhaps later manipulated in order to change and improve 
the object of study (Inkpen, 2005:33f), in this case rice-agroforestry systems. 
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In this way the presented reality is constructed by the dialogue between the writers and reality, due to 
the interpretative nature of choosing relevant systems and levels (Inkpen, 2005:35,45). This also 
emphasizes the importance of doing replicable meta-analysis and thoroughly spelling out the 
methodological choices of this study. The process of finding results through meta-analysis, consist of 
selecting and deselecting which levels and systems to investigate and must be clear and precise in 
order for the analysis to be valid and useful (Inkpen, 2005; Sanchez & Martin-Matinze, 2011; Higgins & 
Green, 2011) The system models and their entities and relationships can only be understood in the 
context of the theories, describing the nature of the systems (Inkpen, 2005:108). 
 
2.3 Theoretical Considerations on Agricultural Economics and Agroforestry 
The theories applied provide a framework for choosing which levels, mechanisms and systems to 
investigate, when trying to understand the reality of rice agroforestry systems. Through the use of the 
theory it will become clear which systems are determining for the outcome of rice-agroforestry 
systems and appropriate for further investigation (Inkpen, 2005:42ff). Some levels and mechanisms 
are best understood through the use of a meta-analysis (output of rice agroforestry systems) and some 
are thoroughly described in the literature (nutrient cycles e.g.), and will be presented as background 
theory useful for analysing and understanding the results of the meta-analysis. Some levels are not 
appropriate for this study and the choices of demarcations will also become apparent through 
applying the theories described below. 
The question of what outcome is produced with which resources is the point of departure in the 
following investigation of, and what makes an agroforestry practice favourable. In this way the point of 
departure for this study has guided the choice of theory and the systems determining for the success 
of rice agroforestry (actual application of rice-agroforestry) will be encompassed in the analysis. Land 
and labour are some of the most determining resources and their connection will be outlined in the 
following. 
The connection between population growth, access to land, resource efficiency and input/output over 
time, is relevant when discussing the utilisation of agroforestry in combination with rice agriculture 
due to the complex nature of this specific type of cultivation (Schroth & Sinclair, 2003). Agroforestry 
can be seen as a change in the intensity of conventional farming. Agroforestry has the potential of 
increasing yield on the same area of land, without applying more resources. However, if the yield 
decrease, due to trees taking up space and resources from the crop they are interplanted with and the 
labour intensity does not equally decline it is an extensification. This can cause a decrease in the 
production of rice crop, needing more land or more labour to produce the same amount of output 
(Filius, 1982; Boserup, 1965:23ff). Therefore this study treats agricultural economics in the sense that 
the output is determined by the input, and not as Malthus classic theory states that output is 
determined by the size of the area of land under cultivation (Malthus, 1798).  
 
2.3.1 Agroforestry and the Need for Labour 
Tiffen et al. (1994) has shown that with the right agricultural management practices population 
pressure is not always equal to degrading soils and unsustainable pressures on arable lands. Despite 
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the common conclusion that population pressure leads to soil degradation (Bremner et al., 2012; 
Franzel & Scherr, 2002; MacLean et al., 2003) the research of Tiffen et al.(1994) has shown a path of 
careful planning and utilisation of increasing labour resources, can lead to complex, sustainable and 
productive ways of upgrading depleted soils. A study was done in Machakos, Kenya (Tiffen et al., 
1994), an area where especially grasslands for cattle were decreasing and population was increasing 
causing clearings of forests and shortening of fallow periods. The landscape was marked by empty 
plains, eroded slopes scarred with exposed rock beds. During a period of 50 years this eroded and 
infertile area went from suffering of numerous famines and widespread ecological destruction to being 
an area of productive homesteads and healthy cultivated lands, while the population at the same time 
increased fivefold. The hills and slopes became cultivated terraces and degraded soils regenerated 
despite the heavy eroded and destructed top soil. Quick-growing trees were used as boundaries of 
woodlots and farms and fruit trees were used for terracing on the sloping land. The productivity 
increased and sustainability was reestablished due to the increased utilisation of labour input in the 
agricultural production (Tiffen et al., 1994:3ff). The population pressure leads to a sustainable 
intensification of the arable lands, as there was no large-scale extension of arable lands in the period 
(Tiffen et al., 1994:74). This indicates that the right management practices combined with plentiful 
labour input allows for a sustainable increase in the production in areas of extensive small scale 
farming. 
In agricultural economics input is both understood as physical elements such as water, nutrients and 
seeds and components as labour, use of tools and machinery. Another very determining element of 
the input/output equation is time. Specifically time understood as the length of fallow periods and 
cropping cycles. Short or no fallow periods intensify the production and require more labour (input) in 
order to obtain the same yield, since fallow periods serve the purpose of restoring soil fertility. In the 
same way short cropping cycles and seasonal crops intensifies the production (Boserup, 1965:29ff). 
The historic development of agricultural practices has shown a change from extensive land use 
systems of long periods of fallow to a more intensive system, with no fallow periods or even two or 
more successive crops on the same plot every year. The frequency of harvesting is therefore a 
determining factor for the productivity of a given area of land. This naturally leads to the question of 
soil fertility and the sustainability of a given agricultural system. The question is therefore not how 
much land is available to cultivate, but which resources are needed to maintain the necessary soil 
fertility (Boserup, 1965:17f). For example it is very labour intensive to maintain irrigation systems and 
when the soil needs ploughing and draught animals are utilised, large inputs are needed to produce 
animal fodder. In this way poor soils and intensive agricultural systems are labour intensive compared 
to fertile soils and extensive agricultural systems. This means that in some cases extensive agricultural 
practices can present the same output per labour input, as intensive agricultural practices due to high 
level of labour (Boserup, 1965:39ff). 
This leads to the important notice of the relation between soil fertility and need for input. The 
degradation of soil causes a need for utilisation of new agricultural practices or increased demand for 
labour. If the soil is degraded, an increase in input does not necessarily give an increase in output. 
Increased input can simply be a necessity for the agricultural land to be able to maintain a specific level 
of output. The more intensified an agricultural system is, the more input it needs to sustain the soil 
quality. Extensive agricultural systems demand large agricultural land but less resource to sustain its 
level of output, since fallow land regenerate by itself without human labour. This means that when 
calculating the output of a specific agricultural system many factors need to be considered and a 
conclusion must be compared to the notion of output per input (Boserup, 1965:44f). 
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Agroforestry has the potential of increasing labour productivity by increasing the production with the 
same amount of labour or by decreasing the need for labour while maintaining the same output. The 
potential lies in agroforestry systems allowing the use of barren or deteriorated soils, especially 
important in situations where land is a limiting factor. Tiffen et al., (1994) and Boyd & Slaymaker 
(2000) present examples of such reversal of natural resource degradation, induced by investments in 
soil and water conservation and thus increased labour intensity.  
2.3.2 Agroforestry and the Need for Investments and Access to Markets 
The income of the farmer is determined by the access to these markets and her actual purchasing 
power is determined by markets for consumer goods and by government policies which determines 
the costs of education, transportation, health, electricity, sanitation etc. (Schroth & Sinclair, 2003). This 
study will not go deeper into the purchasing power of the farmer or the access to specific markets or 
investments. It should only be mentioned that these are also decisive variables, which are considered 
by farmers when considering changing agricultural practices (Schroth & Sinclair, 2003). 
2.3.3 The Decision of Applying Agroforestry 
The farmer’s production objectives determine her choice of farming practices. They are complex and 
very context specific. In the following the many aspects of agrarian change and the decision of 
applying agroforestry is elaborated, in order to clarify what effect the rice yield has on the farmer’s 
decision of choosing or not choosing to use AF management practices and what other elements are 
decisive (Schroth & Sinclair, 2003).   
There is a trade-off between the efforts the farmer has to make to meet her production objectives and 
the payoffs of reaching these objectives. The totality of the holding and its potential uses is weighed in 
relation to the expected outcome of the different possible practices. The totality of the holding 
includes all resources and assets available to the farmer, including labour (family and hired), cash, 
landholdings and fields, machinery, animals, water availability and access to off-farm resources such as 
forests and communal areas. The use of these resources does not require actual disbursements but 
present opportunity costs (whatever you miss out on due to the applied production practice of choice) 
(Schroth & Sinclair, 2003).   
Also monetary benefits and non-monetary benefits are considered. The monetary benefits of 
agroforestry systems are the market value of the products generated by the agroforestry practice.  
The risk-buffering capacity of poor rural households is of outmost importance and one of the non-
monetary benefits that are most important and hardest to translate into a specific value (Schroth & 
Sinclair, 2003).This study is only on benefits at farm scale. Any benefits on larger scale (even global 
scale) are even harder to assess and will not be a part of this study, as they are at levels which will not 
affect the choice of the farmer.  
The time perspective is of course crucial when applying agroforestry and some estimates have been 
done on the increasing benefits of agroforestry practices. Schroth and Sinclair (2003) presents an 
estimate where the cost of adopting an agroforestry practice is significantly higher than the cost of 
implementing the farmers current practice and the economy of agroforestry has to be assessed over a 
number of years (see table 2.1) (Schroth & Sinclair, 2003). 
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Table 2.1 On-farm benefits of agroforestry over time (Schroth & Sinclair, 2003) 
The time lag between costs and benefits and the fact that many small-scale resource-poor farmers are 
economically vulnerable and have short-term planning horizon possibilities, makes the incorporation 
of agroforestry practices more difficult (Feder et al., 1985). 
16 
 
Figure 2.1 Parameters affecting farmers choice (Schroth & Sinclair, 2003).   
Figure 2.1 shows how the farmer also is affected by social-political, economic and environmental 
parameters when choosing agricultural practice. As described in section 2.1 on critical realism, reality 
is differentiated and different units affect the level at which the farmer makes decisions. Her family, 
local community and hence labour availability as determined by the social-political parameters and 
technical and nutritious inputs, available land and production potential are determined by economic 
and environmental parameters. 
These very different parameters effect at many different levels and in different systems. The 
mechanisms and systems constrain and control mechanisms and systems at other levels and thus the 
range of possible events. In this way a hierarchy of systems is determining for the farmer’s 
opportunities and though we shall not go deeper into the specific systems, it must be mentioned that 
these are predetermining mechanisms and that in order for a specific local agroforestry system to 
succeed, many other systems have to permit conditions that enable agroforestry. The basic rule in the 
following depiction is that one system is determined by the system “above” it and that it constrains 
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the systems “below” it. In other words the systems at level x are constrained by the system at level x+1 
and at the same time constraining the system at level x-1 (Schroth & Sinclair, 2003; Inkpen, 2005). In 
the following depiction the systems determining for oil management systems is visualized. 
 
Figure 2.2: Systems restricting soil management systems (Schroth & Sinclair, 2003) 
The above describes the contexts and systems the farmer has to manoeuvre within. It is the overall 
landscape of his farming activities and possibilities. These are only dealt with superfluously as to clarify 
the complexity of the farmer’s decisions and possibilities.  
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All in all the decisions of farmers to engage in new activities are very complex and can even be 
contradictory. Mertz (2005) describes the issue in his article Local land use strategies in a globalizing 
world: Subsistence farming, cash crops and income diversification where an invasive species, the 
wattle, is threatening the local environment in a farming community by exploiting water resources and 
invading grasslands, but at the same time provides green manure, building materials and fodder. The 
government has launched an ineffective eradication scheme which provides employments for the 
locals, without fully eradicating the wattle. “It thus appears that local people are making the best of 
two external forces: the wattle invasion is being used for various purposes and the eradication scheme 
is a welcome source of income, but the long term sustainability of the current grassland and farming 
systems may be threatened.” (Mertz et al., 2005)In the case Mertz (2005) presents, the instant need 
for income overshadows both the need for utilizing the wattle tree as a resource in the farming 
systems but also the long term effects, which might be of great negative consequence for the local 
environment and hence community. Another point Mertz (2005) makes is that not only push factors as 
need for income or larger yields drive agricultural change, but also pull factors are at play. For example 
can new infrastructure lead to access to markets and thus increase the demand for new products 
(Mertz, 2005).  
The above are general theoretical considerations on the choice of adopting new agricultural practices. 
Specifically it can be said about the change from conventional farming to agroforestry, that it is 
induced by four types of long-term pressure: declining land quality, declining access to forests and 
increasing scarcity of wood products; increasing demand for tree products due to population growth, 
new tree uses and new markets for tree products and increasing population density (Scherr, 1992). 
The question is however what resources the farmer must possess and which prerequisites must be in 
place for the farmer to be able to act on these types of pressures. 
When rice is produced by poverty stricken small scale farmers on degraded soils or with insecure or 
inefficient production methods new practices is required to reach the production objectives of the 
farmer. Depending on the resources available for the farmer and the socio-economic situation, 
agroforestry can be applied according to the specific properties of rice production. 
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Figure 3.1: Evolutionary pathway of the two cultivated species of rice (Chang 1976) 
3. Rice-Agroforestry  
Rice yields differ very much between regions depending on factors such as rice varieties, agricultural 
methods, hydrological characteristics, availability of fertilizer and pesticide, soil fertility and climate. 
These factors will be reviewed in this chapter. 
 
3.1 Rice 
The rice genus Oryza belongs to the tribe Oryzeae of the family Poaceae (ncbi.gov, 2013), and hence 
rice belongs to the grass family, and is therefore related to other grasses such as wheat, oats and 
barley. Around 140.000 different rice varieties exist, all developed by hybridization, selection, 
introgression and inter-cultivar recombination (Grubben & Soetjipti Partohardjono, 1996). The genus 
Oryza contains approximately 22 species of which 20 are wild species, and only two of these species 
are being cultivated: O. sativa and Oryza glaberrima (Vaughan 1994 & Fageria, 2007), also called Asian 
and African rice respectively, see figure 3.1. O. sativa has evolved into three eco-geographic races: 
indica (mainly lowland rice), javanica (temperate japonica or Africa’s upland rice), both generally 
related to temperate areas5, and japonica (tropical japonica), generally related to the tropics6 (see 
figure3.6) for more information on upland and lowland rice). With about 2400 variations O. sativa 
represents 85% of the total rice production, and O. glaberrima represents 13% of total world 
production with about 400 variations (Elzebroek & Wind, 2008; Murray, 2005; OECD 1999).  
O. sativa is cultivated as an 
annual agricultural crop, but 
botanically it is a perennial plant, 
while O. glaberrima is annual 
both botanically and 
agronomical, but can survive as a 
perennial crop and can produced 
as a ratoon7 crop for up to 30 
years in tropical areas (Hanelt, 
2001). Rice evolved from a semi-
aquatic ancestor, and is 
therefore sensitive to water 
shortage, because of its shallow 
root system (Hsiao et al., 1984). 
O. sativa was first cultivated in 
North-eastern and Eastern India, 
Southeast Asia and southern 
                                                          
5 The subgroup Aromatic is closely related to indica. See figure 3.4. 
6 The subgroup Aus is closely related to tropical japonica. See figure 3.4. 
7 An agricultural method of ratooning a crop which leaves the roots and the lower parts of the plant uncut to give the ratoon 
or the stubble crop. The main benefit of ratooning is that the crop matures earlier in the season. Ratooning can also decrease 
the cost of tillage and planting. This method cannot be used endlessly as the yield of the ratoon crop decreases after each 
cycle. Ratooning is most often used with crops which are known to give a steady yield for three years under most conditions 
(irri.org, 2013c). 
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Figure 3.2: Morphological characteristics of Oryza sativa L. 1: Root 
system, 2: Grain and husk, 3: Panicles with spinkeles, 4: Tiller and 
leaves (Köhler, 1897). 
China 15000 years ago, figure 3.1 (Chang, 1985). O. glaberrima in contrast has only been cultivated for 
about 3000 years mainly in West and Central Africa (Murray, 2005; OECD 1999). The combination of 
natural and human selection of different cultural cultivation practices, variation in climate, soil and 
seasons, have thus led to tremendous ecological range of the environments where rice is grown today. 
Within the last 2000 years dispersal and cultivation of rice varieties in new habitats have additionally 
accelerated the diversification-process (irri.org, 2013d; Saito & Futakuchi, 2009). 
O. sativa can grow up to 1–1.8 m tall and some 
upland and deep-water variations even up to 5 
meter with strong tillers. Leaves are long and 
thin: 50–100 cm long and 2–2.5 cm broad. The 
edible seed is a grain 5–12 mm long and 2–3 
mm thick (Grubben & Soetjipti Partohardjono, 
1996). The rice panicle is between 9-40cm and 
contain between 50-500 spikelets, and here the 
grains are placed. The lemma is to become the 
husk of the rice grain. Most of the upland rice 
varieties generally have few but large roots and 
large panicles with few spikelets, see figure 3.2. 
The rice plants have shallow fibrous roots 
(Elzebroek & Wind, 2008; Grubben & Soetjipti 
Partohardjono, 1996; Köhler, 1897). Apart from 
that rice is a monocot plant light-adapted C3 
(Muhidin et al., 2013). The growth and 
development of rice is temperature dependent 
(Kropff et al., 1994), but most rice varieties stop 
growth at average temperatures on 8 °C. In the 
early vegetative growth phase most tropical 
varieties die when average daytime temperature 
drops below 12 °C or above 35 °C (Hanelt, 2001; 
Steduto et al., 2012) 
 
3.1.1 Improvement of rice yield 
Yield-enhancing initiatives in rice production have recently increased harvests. ‘Miracle Rice’ (IR8), 
New rice for Africa (NERICA), ‘Green Super Rice’, ‘Golden rice’ and many other advances in hybrid rice 
are developments within the rice production systems, that present enhanced nutritional value, 
increased resistance to drought and pests and minimized post-harvest losses (Khush, 2001; fao.org, 
2004a). Between 1966 and 2000 the rice production increased by 125% caused by applying advanced 
technology to the development of high-yielding varieties. These technologies were first developed at 
the International Rice Research Institute (IRRI) in the Philippines at the University of Los Baños (Khush, 
2001), and since then national programs have developed many improved varieties. The rice variety, 
IR8, which initiated the Green Revolution of the 1960s in order to increase global food production, 
could produce up to 5 t ha-1 under optimum growth conditions. With fertilizer and pesticides, the yield 
could reach as high as 10 t ha-1 (Berthelsen, 2011; irri.org, 2013f). The ‘Super rice’ has large number of 
grains per panicle, increased stem stiffness and larger root system, reduced height, increased tiller 
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Figure 2.3: The development process of Oryza sativa. Left: Tall conventional plant type. Centre: Improved high-yielding, high-tillering 
plant type. Right: New plant type (‘Super rice’) with low tillering but studier stems, and with a larger number of grains per panicle (Khush, 
2001). 
number and form erect instead of droppy leaves, see figure 3.3 (Khush, 2001). The original Oryza 
sativa are tall with many leaves, has small root system and not a large number of grains per panicle. 
When high doses of nitrogenous fertilizer were applied, traditional varieties tillered profusely, grew 
excessively tall and yielded less than when lower fertilizer levels were used (Khush, 2001). A lot of the 
traditional rice varieties were photoperiod sensitive and because they had been selected for 
adaptation to specific environments, their cultivation was limited to one season. The improved rice 
varieties have been made insensitive to photoperiod, and can therefore be grown during any season in 
most tropical and subtropical countries, which explains the wide adaption IR8 has achieved (Khush, 
2001). Improved rice varieties have been introduced worldwide in order to gain larger yield, and can 
be separated in ‘improved biomass or grain’ (yield increase) and ‘improved health quality’ (Godfray, 
2010). 
The time of maturing has also gone down with the new rice varieties. The traditional varieties of rice 
matured in about 170 days, and the IR8 plant had decreased maturing days to 130, which was still not 
enough time to grow another crop rotation. For this reason the new ‘Super Rice’ has shorter growth 
duration of only 105 days, because this plant has “early flowering genes”, but still with high yield, see 
figure 3.3. These short-duration varieties are therefore much more productive per day, and 
consequently also because they compete better with weeds, weed-control costs are reduced and, as 
they use less irrigation water, production costs fall (Khush, 2001). 
In the last decade effective application of research advances has been slow-moving, particularly in 
areas of physical stresses as for example drought, flooding, acidity or salinity, due to shifting trends, 
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and there are now focus on especially the root systems of rice, which is therefore called the “New 
Green Revolution” (Herder et al., 2010). The ‘first’ Green Revolution focused more on increasing shoot 
biomass and seed yield through enlargement of ricegrains, where as the “New Green Revolution” focus 
on the relevance of the root system of rice (Gonzalez et al., 2009), since the root system is taking care 
of indispensable plant functions such as uptake of nutrients and water, anchorage in the substrate and 
interaction with symbiotic organisms. Consequently, root system development is central for the plant 
to reach higher growth and this way contributes to increased yield (Khush, 2001).  
 
3.1.2 Cultivation 
Rice is grown in a wide range of environments and is productive in many situations where other crops 
would fail (irri.org, 2013a). It is well adapted to diverse growing conditions, since the different rice 
varieties tolerates a large variety of stress conditions: desert, hot, humid, flooded, dry and cool 
conditions, growth in saline, alkaline and acidic soils, acid-sulphate soils, and is also the only cereal that 
can stand water submergence; explaining the diversified linkages between rice and water (OECD, 
1999; fao.org, 2004b).  
 
Upland rice has historically been grown under shifting cultivation with long fallow periods of more 
than 15 years, but is now mostly grown in permanent systems. Only 14% of the Asian upland rice area 
still practises shifting cultivation with shorter fallow periods of 3-5 years. In Central and West Africa, 
the rice belt of Africa, upland areas represent about 40% of the area under rice cultivation but involve 
about 70% of the region’s rice farmers (Steduto et al., 2012). The area of distribution of rice varieties is 
show on the map (figure 3.4). O. glaberrima is part of the black coloured circle diagram shown on the 
Figure 3.4: World map of genome-wide association disclose a rich genetic architecture of complex traits in Oryza sativa. The large pie chart 
summarizes the distribution of subpopulations in the O. sativa samples in the diversity panel, and the smaller pie charts on the world map 
correspond to the country-specific distribution of subpopulations sampled. The size of the pie chart is proportional to the sample size and 
colours within each pie chart are reflective of the percentage of samples in each subpopulation. Seeds representing each subpopulation 
are displayed with and without hull in the centre, with 1 cm scale bar. The figure also reveals the different sizes and shapes of O. sativa. O. 
glaberrima have a similar shape to tropical japonica and indica (Zhao et al., 2011).  
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map (Zhao et al., 2011). The different races of O. sativa (Indica, Aus, Temperate japonica, Aromatic, 
Tropical japonica) are presented in the five different colours in the circle diagrams. It is shown that O. 
sativa is cultivated worldwide, whereas O. glaberrima in contrast mainly is cultivated in West and 
Central Africa (OECD, 1999). 
Rice is grown as a Kharif crop, referring to the fact that rice is sown in the beginning of the rainy 
season, and is mostly grown with two crops per year, while three crops per year occur in places such as 
the Mekong Delta in Vietnam (Fageria, 2007; Steduto et al., 2012). The propagation with seeds can be 
done in two different ways: germination of seeds directly in the field or by seedlings that have been 
grown in nurseries and then transplanted (Grubben & Soetjipti Partohardjono, 1996). When 
transplanting juvenile seedlings to rice fields puddling of the soil takes place before transplant. 
Puddling breaks down the internal structure of soil, making it much less subject to water loss through 
the drainage of water through the soil. When transplanted into the fields the rice plant starts in the 
vegetative phase to make tillers, sheaths and leaves, and subsequently the plants begin the 
reproductive phase, in which it make panicles and seeds (Steduto et al., 2012).  
In direct seeding cultivation, dry seeds or seeds that have been stratified (pre-soaked and pre-
germinated) are sown directly into the field (OECD, 1999). The farmers’ choice of either one of these 
cultivation method depend on local environment, however transplanting is most common, and direct 
seeding tend to be more common in commercial production fields (Steduto et al., 2012). 
The rice should be harvested about 30 days after flowering, when the grains are still not fully mature 
(Grubben & Soetjipti Partohardjono, 1996). In the tropics rice grows fast and under ideal conditions, 
the rice is ready to be harvested 12 weeks after planting. However from germination to maturity and 
harvest the time period ranges from 90 days for short-duration modern tropical cultivars to 180 days 
for traditional or modern cultivars in subtropical and temperate environments, figure 3.5 (Steduto et 
al., 2012).  
 
                           Figure 3.5: Typical development stages of rice (Steduto et al., 2012) 
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3.1.3 Rice production systems 
Ecologists distinguish between two hydrological characteristics in rice-growing environments: upland 
rice (including irrigated upland rice) and lowland rice (including irrigated lowland, tidal wetland and 
deep water rice). Yield range from less than 1 t ha-1 in poor rainfed upland areas to more than 10 t ha-1 
in intensive irrigated systems on the lowland (irri.org, 2013a; OECD, 1999; fao.org, 2004a). On table 3.1 
the effectiveness of the two different production systems is outlined, showing the poor performance 
of upland rice compared to lowland irrigated rice.  
Rice system Area in m ha % of total production Index of effectiveness  
Lowland (including irrigated) 27 (80) 20 (75) 0,74 (0,95) 
Upland 14 5 0,29 
Table 4: The table shows the effectiveness of each rice production system, where 1 is best and 0 is worst (made from fao.org, 2004a data). 
 
Topographically figure 6 shows a schematic distribution of the different rice ecosystems. It starts with 
upland rice in the top and moves down to flood-prone and irrigated rice near the riverbanks. Rain-fed 
Figure 3.3: Rice systems and scenarios (Manners, 2010). 
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lowland ecosystems appear at two levels: below rain-fed upland systems, where drought can be 
expected, and between irrigated and flood-prone systems, where submergence and salinity often 
occur (irri.org, 2013f).  
Figure 3.7 shows how the three types of rice production systems are spread worldwide. It is clear that 
most of the irrigated rice is produced in Asia, while regions like West Africa, Northern India and 
Indonesia are more dominated with rainfed upland and lowland rice.  
 
Lowland 
Around 34% of the global rice production is grown in rain-fed lowlands. Irrigated rice systems cover 
50%. Irrigated rice systems in lowland remain the most important rice production systems for food 
security, particularly in Asian countries, where about 80m ha of irrigated lowland rice provide 75% of 
the world’s rice production (irri.org, 2013af). In this type of cultivation rice farmers try to preserve 5–
10 cm of “floodwater” on the fields. Most of the irrigated rice-farms are no more than 0.5 to 2 ha in 
size, and are grown in bunded (dammed) fields which ensure irrigation for one or more crops per year. 
In many subtropical and humid tropical areas, irrigated rice is grown as a monoculture with two or 
even three crops a year.  
As with irrigated rice, rainfed lowland rice is grown in bunded fields which are flooded with 
rainwater and supply about 20% of the world’s rice production. Flood prone area cover 7% of the 
world rice area (irri.org, 2013af). 
 
Figure 3.5: Where rice is grown around the world - showing the three major rice growing environments 
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Upland 
Upland rice is grown under dryland conditions in mixed farming systems without irrigation and 
puddling. This type of rice production includes many constraints that causes low yield. The main 
characteristics of upland rice is high variability in climates which range from humid to subhumid; 
topography from flat to steep slopes; soils changing from fertile to infertile within a small area, and 
usually no or little fertilizers, herbicides, or pesticides are applied (irri.org, 2013a). These 
characteristics are part of the explanation of the low productivity of upland systems.  
Upland rice is almost synonymous with rainfed rice grown on slopes. After dry land preparation, seeds 
are often here sown by hand. Upland rice is also grown under rainfed permanent areas on terraced 
slopes (irri.org, 2013a). Today about 70% of the upland rice areas are permanent systems where rice is 
grown every year and often in combination with other crops and livestock (irri.org, 2013a). Globally 
rainfed upland rice covers 14m ha (9%) but does only contribute with 4% of the world’s total rice 
production (irri.org, 2013af).  
 
3.1.4 Rice yield and Agroforestry 
Depletion of the soil as a consequence of rice farming by small holders not having access to inorganic 
fertilizer is a common issue. The average nutrient applications for rice via inorganic fertilizer are: 26.6-
30.5kg nitrogen (N), 1.6-3.2kg phosphorus (P) and 3.1-6.2kg potassium (K) ha-1. This is far below the 
general recommendations of 76kg N, 13kg P and 25kg K (Eiard, 2013), which might explain the low rice 
yield in many upland areas. 
Inorganic fertilizer has high water solubility and is available to plants immediately. The amounts of 
specific nutrient can be applied with great accuracy. This is in contrast to organic fertilizer, where the 
specific nutrient content and nutrient release is affected by temperature, moisture and other local 
conditions. However inorganic fertilizer is too expensive for many smallholders (Umrani & Jain 2010).  
The farming of rice has been subject to problems with regard to depleted soil fertility, lack of inorganic 
fertilizer, soil erosion among other things. Our investigation aims to clarify if agroforestry can 
overcome some of the stated problems and hence increase the yield of small scale farmers by 
incorporating trees in rice production (World Agroforestry Center, 2013; Tomar et al., 2013; Amara et 
al. 1999). In the following section the agroforestry systems of which rice is grown will be reviewed.  
 
3.2 Agroforestry  
Trees have long been, and still remain, an integral component in many  conventional agricultural 
systems (Sanger, 1977; Michon, 1983) The incorporation of trees in agricultural systems has earned 
the name “islands of fertility”, due to the ability of trees to improve soil fertility and hence yield in 
agricultural systems (Pinho et al., 2012). Limited water availability in open dryland entails nutrients 
cycling under tree crowns, which can promote soil enrichment and favor plant establishment and 
productivity (Pinho et al., 2012). Agroforestry management practices developed to enhance nutrient-
27 
use efficiency are an important part of maintaining soil fertility. The main challenges are reducing 
nutrient losses; maintaining or increasing nutrient storage capacity and promoting the recycling of 
plant nutrients in degraded soils (Umrani & Jain, 2010). 
Agroforestry is a very broad term, covering many different ways of incorporating diverse agricultural 
species into one agroforestry system. Agroforestry can be classified into three main categories: 1) The 
use of trees and crops: agrosilviculture. 2) The use of trees and livestock: silvopastore. 3) The use of 
both trees, crops and livestock: agrosilvopastore (Nair, 1985). This study is preoccupied with 
agrosilvicultural systems, and will be referred to as agroforestry systems in this study. Agroforestry 
systems can further be divided into several sub-categories, determined by the combination of 
components, species and agricultural practices (Nair, 1985).  
Agroforestry is the combination of agriculture and silviculture in one system where the species 
changes between perennials, annuals and utilization of for example green manure, coppicing, 
diverging crop rotation, mulching, contour hedgerows or alley cropping (Mercer, 2004). In agroforestry 
systems complementarity between the components is crucial to its success, and avoiding competition 
between different crops and trees are therefore one of the important factors to take into account 
when choosing species. This means that every agroforestry system must be adapted to the specific 
environment and socio-economic context (Nair, 1993). 
The farmer therefore has to gain knowledge of appropriate practices suitable for her specific locality 
(Schroth & Sinclair, 2003). In this thesis the studies included in the meta-analysis are determining, for 
which types of agroforestry we operate with.  
 
3.2.1 Trees Away From the Field or Trees in the Field 
In the following the nature of these types of agroforestry will be outlined in order to enhance an 
understanding of the factors that affect the rice yield. Alley cropping is a system where crops are 
grown between rows of trees. It is a system of planned intercropping, where trees are systematically 
planted together with food crops to obtain certain benefits (Patra, 2013). Alley cropping uses the 
regenerative properties of bush fallow, by using fast growing trees on crop fields. Alley cropping is a 
readily available technology for adding organic matter and other nutrients to the soil (MacLean et al., 
2003; Tomar et al 2013). The trees will provide shade, which makes it necessary to consider which 
crops are appropriate for such a system and how wide the alleyways should be in order to let in 
enough light, also when the trees are matureing. The trees in an alley cropping system are planted in 
straight rows in leveled landscapes.  
Hedgerow systems has the same properties as aley cropping, but the trees are planted in lines closely 
spaced, to form a barrier against wind or other harmful elements or to present a boundary of an area 
(Amara et al., 1996).  
A contour hedgerow system is an alley cropping system, where hedgerows are planted on the contour 
of sloping fields. Hedgerows are grown on the contour to present a barrier to soil erosion, ultimately 
causing terraces to form upslope. The hedgerows are planted with short intervals in a terrace system, 
so that soil from the higher grounds is collected behind trees. In a contour hedgerow system about 15 
% of the utilized area is covered with the hedgerows (Garrity et al., 1993; Agus et al., 1998). Contour 
28 
hedgerows should be established so that the distance between two vertical lines does not vary. For 
maximizing the erosion control the vertical fall between the hedgerows on steep slopes (above 15 
percent) should be about 1 meter, reducing the distance slightly as the slope flattens out (Buck et al., 
1998; IIRR, 1992).  
In some of the studies trees were away from the field, but close by. Here leaves and twigs are carried 
to the field. Mulch is a layer of organic fertilizer laid out on the ground between the crop rotations 
before sowing. It slowly incorporates into the soil, as green manure. Incorporation is the practice of 
digging the green manure in to the soil, for a more efficient decomposition and hence nutrient release 
to the soil. The layers of mulch have the purpose of conserving moisture, reducing weed growth and 
improve soil fertility. Both physical and chemical properties of the soil are improved by adding mulch, 
the more nutrients in the mulch the better. Cut-offs and pruning from trees are obvious sources of 
green manure appropriate for mulching (Nair 1993). 
The literature reveal many different terms for different ways of planting trees in an agroforestry 
system. Practices vary by distance between trees and layout of trees. Tree species, mulching and 
manure practices can also divert, but they have the main features of intercropping in common. This is 
also why we in this study differ between agroforestry systems where the trees are on the field, 
regardless of the pattern they are planted in, and agroforestry systems where the trees are away from, 
but close to the field. 
 
3.2.4 Soil fertility in Rice-Agroforestry 
It is acknowledged that certain soil properties are present in radial patterns from the tree trunk. For 
example soil pH and nitrogen changes according to the distance from the tree, peaking at a certain 
distance around the tree trunk (Pinho et al., 2012; Pandey et al. 2003). This is caused by specific 
properties of the tree and can be exploited with the correct management practices (Pinho et al., 2012). 
There are at least 13 essential mineral nutrients required by all plants8, and N, P and K are the primary 
nutrients, which are required in the largest amounts and thus most often the limiting factor (Binkley & 
Fisher, 2013:54). These mineral nutrients are obtained through root uptake and are present in the soil 
through weathering of soil mineral; decomposition of plant residues, animal remains and soil 
microorganisms; application of fertilizer, liming material, manures, composts and other organic 
material; N-fixing plants or dusts from winds; atmospheric deposition (acid rain for example) and 
deposition of sediments from erosion or flooding (Umrani & Jain, 2010).  
The mineral nutrients are lost from the soil through runoff, erosion, leaching, gaseous loss or crop 
removal, and nutrients can thus be taken up by plants, moved with water or leached down below plant 
root level. It is given that the cycle must be maintained in order for the soil not to become infertile. 
The illustration below explains the cycle of inputs and outputs and how the connection is between 
trees, crops, water and soil, which applies for any crop and tree species (Umrani & Jain, 2010). 
                                                          
8 Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), iron (Fe), manganese (Mn), zinc (Zn), 
copper (Cu), boron (B), molybdenum (Mo), and chlorine (Cl). 
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Figure 3.8 Depiction of nutrient cycle in agroforestry system (After Nair, 1993:135). 
Continuous crop harvesting on the same area of land will eventually deplete the nutrients pools if no 
new nutrients are added, for example by trees residues or inorganic fertilizer. Rice grain removal is 
thus an effective way to remove nutrients from conventional farm land. In conventional farming and 
farming systems where availability of economics allows it, inorganic fertilizer can be added to restore 
the nutrient level. Also animal manure is very rich on nutrients; about 70% of the nutrients in animal 
feed are excreted in manure and urine. The nutrient balance is however delicate and any excess 
nutrients might be washed out with water and contaminate nearby streams, groundwater or other 
ecosystems (Umrani & Jain, 2010). 
Trees take up nutrients from deeper layers of the soil and apply these nutrients to the top soil making 
them available to annual crops such as rice. Furthermore some trees are via symbiosis with 
microorganisms able to take up nitrogen from the air. Generally soil fertility is a mixture of the soil 
nutrients available through weathering of parent material of the soil, influence of the plant species on 
the soil, the ability of the soil to hold nutrients, the process of organic matter decompositions, where 
organic acids are released, promoting the solubilisation of nutrition making it available to plants 
(Binkley & Fisher, 2013: 73ff; Rasal et al., 1988) 
In most soils only one of the factors is the limiting factor (Binkley & Fisher, 2013:71). Ideally it would 
be best to test the effect of agroforestry on all macro and micro nutrients and water holding capacity 
in order to give a comprehensive view on the effect of agroforestry. Some authors however restrict 
themselves to only look at nitrogen and soil carbon (Agus et al., 1999), where other authors include 
phosphorous as well (Das et al., 2010; Samzzusaman, 1999; Tomar et al., 2013) and only soil focused 
authors give the comprehensive view including potassium and some of the micro nutrients (Das et al., 
2010; Tomar et al., 2013). In this study there was only data material to conduct the meta-analysis on 
nitrogen, phosphorous and soil carbon, which are compared to yield measurements of each of the 
studies. 
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Soil Organic Matter and Carbon  
Soil organic matter (SOM) is a reservoir of plant nutrients, consisting of plant and animal residues at 
varies stages of decomposition, fresh plant residue or humus, living soil organisms, cells and tissues of 
soil organisms and substances synthesized by soil organisms. Recycling of plant nutrients through soil 
organic matter is very important for the growing plants nutrients uptake. As the organic matter are 
broken down, nutrients become available for root uptake. SOM is typically estimated to contain 58% 
Carbon (C) therefore soil organic carbon is often used as an indicator for the amount of SOM (Umrani 
& Jain, 2010).  
The soils ability to accumulate soil organic matter and hence C can be influenced by management 
practices. The incorporation of trees on farm land has the ability to improve soil organic carbon levels. 
Some research point to the conclusion that C content is greater near trees in alley cropping systems 
and that the older the trees, the more stable the C content is (Umrani & Jain, 2010). 
Many soil organisms involved in biological activity and nutrient interactions, with important effects on 
soil fertility, are dependent on soil organic matter. Macro-invertebrates are good indicators of the 
state of natural systems and its nutrient cycles. Great abundance and diversity of such micro fauna is 
an indication of the system being able to support communities of these organisms, which play an 
important role in ecological processes as breakdown and recycling of organic matter a decrease of 
nutrients. Agroforestry often presents greater diversity and abundance of macro-invertebrates (Pinho 
et al., 2012). Decomposition of soil organic matter to humus particles or colloids greatly enhances the 
cation holding capacity of the soil and is hence are retaining positively charged nutrients such as 
ammonium (NH4
+, K+) in the soil and since soil organic matter and soil organic carbon are comparable 
measures, both are good indicators of soils fertility in the longer run (Umrani & Jain, 2010; 
soilminirals.com 2008).  
In the majority of the highly weathered and leached tropical soils the nutrient cycle in the vegetation 
appear in the topsoil, while the underlying soil has a relatively low content of nutrients and are 
dependent on the supply of organic matter to maintain fertility (Tiessen et al. 1994). It has been 
estimated that it will take 93 years to regenerate a depleted soil with lost carbon content. If the 
depletion of carbon appears on peat soil this regeneration may take up to 692 years, depending on 
climate (Niklas & Enquist, 2004).  
Soil organic carbon (SOC) is the most applied measure when measuring the carbon content of the soil. 
However, if active carbon in the soil are measured then a solution of alkaline (0.02 mol-1) KMnO4 to 
react with the most easily oxidized (active) forms of soil carbon, so as to estimate a biologically active 
soil carbon pool as part of the total SOC (Weil et al. 2003). This way of measuring active carbon have 
been called POXC (Permanganate (MnO4) oxidizable C) (Culman et al., 2012). It would have been 
preferable to gather measurements of both types. Only SOC was found in the included studies. 
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Nitrogen and Phosphorus  
Nitrogen is a very important nutrient for plants in creation of leaves and if nitrogen is deficient, plant 
growth will be limited. Nitrogen (N) is added to the soil through for example N-fixation by plants, 
weathering of soil minerals or application of in-/organic fertilizer. N is often a limiting factor in plant 
growth, but at the same time it is easily lost from the soil through leaching (Umrani & Jain, 2010). In 
unfertilized soils the nitrogen-contribution from woody perennials is the most important contribution 
of nitrogen. The amounts of N in soils, varies greatly and are determined by different factors such as 
biomass yield of trees, tree species, management, soil holding capacity (SOM and clay content) and 
other local conditions (Nair, 1993). Therefore the amount of N added to the soil by agroforestry 
practices are very interesting and often of high importance when implementing agroforestry systems. 
Trees provide N in the agroforestry system by deep nutrient capture or n-fixation. When the tree roots 
reach deeper levels of soil than the crops and through decomposition of litter fall or pruning ads N to 
the top soil available to the annual crop, the trees improve the nutrient cycle.. Many trees do not add 
additional nutrients to the cycle as N-fixing trees do, but only ads otherwise non-reachable nutrients in 
the cycle (Umrani & Jain 2010). N-fixation is a symbiotic process where the bacteria called rhizobia, 
take N out of the air and convert it to a form, which is usable for plants. The bacteria exist within the 
root structures (root nodules) of N-fixing plants (Doyle & Luckow, 2003). The amount of nutrients 
available from pruning trees varies according to tree species and the condition of the specific tree. 
However the following table 3.2 gives an estimate of how much N, P, K, Ca and Mg the pruning from 
five different tree species has the potential of adding: 
 
Table 1.2 Nutrient yield from five prunings of hedgerows of four woody species (4 x 0.5 m spacing) (Nair, 1993). 
The choice of trees in agroforestry systems is decisive for the outcome of the management practices, 
since the trees have different nutritious properties. Both N-fixing trees and non-fixing trees have the 
ability to enhance soil fertility.  
Phosphor (P) is another very important nutrient in crop production. In contrary to nitrogen 
phosphorous can only be added to the soil by weathering of soil minerals or as fertilizer organic or 
inorganic. Generally phosphorous depleted soils are very hard to restore since no plants are able to fix 
P in any form from the atmosphere. Management and protection of the phosphorous resources in a 
given soil is therefore a very important issue in maintaining soil fertility (worldagroforestrycentre.org, 
2013a). Several possibilities are present, when managing phosphorus content of soil. First of all the top 
soil should be protected from erosion, which can be done by planting trees decreasing the risk of 
erosion by keeping the top soil in place and decreasing runoff minimizing the loss of phosphorous. 
Secondly deep rooted tree species should be used in order to take up P from deeper soil layers and 
permanent plant cover (trees in agroforestry) will retain the phosphorous in the system, since 
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phosphorous in stored in the vegetation and not in the soil (resilience.org; worldagro 
forestrycentre.org, 2013a) 
In appendix 1 the different included tree species are shown and their ability of N-fixation. This 
appendix will be beneficial for the reader to keep unfolded trough out the reading in order to keep 
track of the included studies in the meta-analysis. 
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4. Method 
In this chapter the methodological choices will be elucidated, and execution of the meta-analysis, 
including literature review, will be examined. Also, limitations and delineations of the present study 
will be clarified together with the examination of the modifications undertaken.  
The investigation of how rice-agroforestry systems affect rice yield and soil parameters will be 
conducted through a meta-analysis with the aim of clarifying the yield differences in rice-agroforestry 
systems for small scale-holder subsistence farmers. The effects of changing to rice-agroforestry from 
conventional small scale rice farming will be illuminated through the parameters: 1) effect on yield, 2) 
effect on yield compared with fertilized control, 3) effect on yield of nitrogen fixing trees, 4) effect on 
N and P storage in soil, 5) effect on soil C and 6) effect on soil C over time.  
The aim of the meta-analysis is to find and include all appropriate studies which include experiments 
on the above stated parameters. The first step is to perform a systematic literature review conducted 
on studies containing data on the yield of smallholder rice-agroforestry systems. A systematic 
literature review is an objective method of analysing which gives evidence-based and representative 
results. Objectivity here refers to the fact that at least two researchers systematically work their way 
through the meta-analytical steps, which will eliminate the risk of bias on this point, understood as a 
form of inter-subjective validation. The subjectivity of the researchers comes on the pitch when 
analysing and discussing the numerical results of the statistical work in the meta-analysis (Sanchez & 
Marin-Martinze, 2011; Higgins & Green, 2011: section 1.4 and 7.2). The mechanisms of the meta-
analysis must furthermore be transparent, in order for the method to be replicable for others 
(Borenstein et al., 2009:23). Before turning to the procedure and six different steps of the meta-
analysis, we shed light on what a meta-analysis actually is and how it is useful in this study. 
 
4.1 Using a meta-analysis to assess the effects of trees in small scale rice 
farming  
A meta-analysis can be defined as a subset of systematic reviews that combine pertinent study data 
from several selected studies to develop a single conclusion that has greater statistical power. The 
conclusion will be statistically stronger than the analysis of any single study due to greater diversity 
among subjects, increased numbers of subjects and accumulated effects and results (Geist, 2005: 29; 
Ellis, 2010). A meta-analysis is particularly applicable in developing a more correct estimate of effect 
magnitude; establishing statistical significance with studies that have conflicting results and when 
examining subgroups with individual numbers that are not statistical significant, which is needed in 
this study. The purpose of meta-analytical research is to combine findings from separate but largely 
similar studies, which will provide the research area with greater statistical power (Geist, 2005: 29; 
Sanchez & Marin-Martinze, 2011). Meta-analyses are generally used in literature reviews with 
numerical data performed to present a general conclusion on the topic of choice, which is consistent 
with the aim of this study. Thus meta-analyses are reviews of past research guided by objectivity, 
systematization, replicability and a way of statistically integrating quantitative results of a large (or 
small) number of studies into own research (Sanchez & Marin-Martinze, 2011; Guo & Gifford, 2002). A 
meta-analysis is therefore very useful and appropriate in the investigation of the quantitative data on 
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yield-measurements made in rice-agroforestry systems, since this type of analysis will give a clear 
result that is statistically interpretable, which will also validate the conclusion of this study (ibid.).  
No meta-analytical conclusions have previously been made on yield measurements in rice-agroforestry 
systems, even though meta-analyses are common in agricultural studies, in fact meta-analyses are 
frequently used when studying agricultural phenomena (Beenhouwer et al. 2013; Chivenge et al. 2011; 
Ilstedt et al. 2007; Tonitto et al. 2006; Bengtsson et al. 2005; Mercer et al. 2004; Ainsworth et al. 2002; 
Guo et al. 2002; Thiam et al. 2001; Adams et al. 1997); and in 2008 a research group made a meta-
analysis on yield-effect of agroforestry in maize production (Sileshi et al. 2008), which is similar to this 
study. Using maize in agroforestry systems is a more common agricultural practice compared to 
agroforestry in rice production (see chapter 3), which is also why more studies have been completed 
on maize-agroforestry systems than on rice-agroforestry. However this does not indicate that a meta-
analysis is not appropriate when analysing rice-agroforestry systems, since meta-analyses are valid 
with as few as two studies (Sanchez & Marin-Martinze, 2011). In this study 10 studies from prior 
research on yield-output and 4 studies on soil parameters of rice-agroforestry was found, each study 
containing a number of data-sets, all in all 54 sub-experiments from the ten studies are used in the 
meta-analysis (see figure 5.1).  
Numerous conclusions are drawn on the effect of agroforestry in rice production, but many of these 
studies have different scopes and purposes, than what is needed in this present study: Some studies 
focus on cash crops from trees, producing fodder, market access, increasing or stabilizing rice yield 
meanwhile others concentrate on sustainability and environmental effects (Abouziena et al., 2008; 
Adesina et al., 2011; Baggie et al., 2000; Delmotte et al. 2011; Dingkuhn et al. 2005). The advantage of 
the meta-analysis is its capability of concluding on the effect of trees or tree biomass on rice yield 
while taking into account all aspects that each individual study focuses on. In this way the appropriate 
levels of investigation will be defined, through the analysis of which parameters has affected the 
results in the articles. The determining factors in each study (the variables) that influences yield in rice-
agroforestry systems will be taken into account through a meta-analysis. The combination of a very 
structured and explicit selection of studies and the dedication given to important variables of each 
study makes the meta-analysis a very strong tool for discussing the effect agroforestry has on rice 
yield. The meta-analysis is therefore also carried out in order to compare the vast amount of studies 
performed on yield from different types of rice production and to create an overview of which 
cultivation practices has the greatest yield under which circumstances and to present a summarized 
conclusion (Sanchez & Marin-Martinze, 2011; Higgins & Green, 2011: Section 7.4).  
A qualitative meta-analysis is another way of researching a large amount of studies, which is more 
interpretive rather than aggregative, as the quantitative meta-analysis in this study is. In the 
qualitative meta-analysis literature reviews are performed by studying the amount of times different 
phenomena occur in the literature and by carefully interpreting these phenomena (Paterson et al., 
2001; Green & Higgins, 2011: Section 20.3). With such an approach we would not have been able to 
answer our research question on yield development with the implementation of agroforestry in small 
scale rice farming. A literature review study on yield in rice-agroforestry systems, based on 
quantitative numerical data with the aim of computing concrete numerical results, advocates that a 
[quantitative] meta-analysis is the most appropriate method taken into account all other mentioned 
substances described in this chapter.  
When performing a meta-analysis the systematic review consists of five steps: 
(1) Find literature (in this case empirical studies). 
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(2) Data selection, where studies are coded. This means assessing the literature and selecting the 
relevant studies from a predefined set of very specific criteria.  
(3) Assessment of validity of each specific study is made, through a bias-risk-assessment, and 
calculation of mean effect size.  
(4) Meta-analysis is performed: a statistical analysis of the carefully assessed studies and results.  
(5) Interpretation of results, which includes a profound discussion where the computed numerical 
results will turn into ‘new’ results (Littell et al., 2008: 10; Ellis, 2010: 97ff).  
The specific procedure of the meta-analysis of this study is described in the following, including the 
pitfalls and critical issues related to the performing of a meta-analysis.  
 
4.2 Literature search 
The definition of criteria for literature search determines which studies are to be included and 
excluded at first. Definition of criteria also determines how complete the investigation will turn out 
since this step eliminates all studies not appropriate for further investigation (Higgins & Green, 2011: 
Section 6.4). Obviously the criteria will depend on the aim of the study, but two basic criteria are set by 
Sanchez & Martin-Martinze (2001) who find that language and design type must be provided in the 
included studies. In this study the language is English (the search has however also been performed in 
Danish), and the design types included here are paired designs and time series paired design.  
In order to perform a complete literature search both the informal and formal search must be broad in 
the beginning (Higgins & Green, 2011: Section 6.4ff). The formal literature search in this paper is done 
through the databases: Agroforestry Journals, Web of Knowledge, International Rice Research Institute 
(IRRI) and Google Scholar by using different search combinations of the words: rice, tree, agroforestry, 
yield, return, profit. The years covered in the databases are from 1960 to 2013. By searching in 
references in the found literature we found additional studies. The informal literature consists of 
sources from unpublished literature such as: technical reports, conference manuscripts, students’ 
reports as Bachelor and Master Theses (Sanchez & Martin-Martinze, 2011).  
The search in step one also includes contact to network and experts and stakeholders expected to be 
knowledgeable within the field of agroforestry and rice production and who have an overview of 
where to find relevant data and studies. In Denmark contact was taken to the two Senior Researchers: 
Anders Ræbild and Jens-Peter Barnekow Lillesø, who both work with agroforestry at Copenhagen 
University at the Faculty of Science, in the institutional and socio-economic area of agroforestry and in 
the natural-scientific area of agroforestry. They were of great assistance in primary phase of the 
literature search. The Director General of World Agroforestry Centre in Kenya Dennis Garrity and Dr. 
Cheikh Mbow also from the World Agroforestry Centre have both provided this study with formal and 
informal literature. Other specialists within the area of rice-agroforestry to whom contact has been 
made include: Agustin Mercado, Rodel Lasco, Meine van Noordwijk (World Agroforestry Centre), 
Thilde Bech Bruun, Lars Schmidt (Copenhagen University) and Benjamin Samson (IRRI). One informal 
study was found, which unfortunately did not measure yield, and hence not included. 
The first broad step of the literature search, where title and abstract is screened for relevance, lead to 
the elimination of many studies and must therefore be executed thoroughly and here it is wise to 
‘over-include’ studies in order not to eliminate relevant studies. An example of an excluded study in 
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the first step could be authors focusing on rice-wheat intercropping without implementation of trees, 
and thus obviously irrelevant studies are excluded in this step (Higgins & Green, 2011: Section 6.5f).  
 
4.3 Data selection  
After the identification of relevant studies the selection procedure is initiated. In this second step very 
explicit and precise criteria on the properties of the studies that should be included are determined, 
the so-called relevant moderator variables. Moderator variables can be compared with an 
intermediary who chooses the variables important to answer the aim of the study, and it is here highly 
important that the meta-analysis only combines studies with comparable variables. The characteristics 
(variables) can be divided into three categories: substantive, extrinsic and methodological 
characteristics (Sanchez & Marin-Martinze, 2011). In this way a replicable system of searching for 
studies is developed and subjectivity is sought minimized. This is the coding of literature (ibid.), and 
here the whole texts of the 102 studies were read, based on finding appropriate: study design, 
agricultural practice and data-style presented in the studies. In the following the criteria for including 
studies is elaborated. 
Substantive characteristics are concerned with the specific subject of the study, in this case the yield in 
different types of rice-agroforestry production. The effect thus refers to the difference in yield (t ha-1) 
between rice-agroforestry experiment and a control of conventional rice farming. Rice-agroforestry 
here refers to what a farmer or researcher experience after initiating rice-agroforestry practices in 
small scale farming or research stations simulating small scale farming conditions. Controls consisting 
of conventional small scale rice production. Consequently the studies must include research where 
trees are incorporated in rice production. In order to conclude on yield in the long run in rice-
agroforestry systems soil fertility parameters were also sought for. Here focus is paid on carbon, 
nitrogen and phosphor since these parameters most often are the limiting factors in agricultural 
practices (Binkley & Fisher, 2013: 32). The level of C, N and P indicate how fertile the soil is, which 
might correlate with expected potential yield level from a given experiment field. Hence both studies 
including the yield parameter alone and studies with yield parameter and soil fertility parameters are 
sought for. The main purpose is to find data which enables this study to conclude on yield in the short 
term and to analyse yield changes over time caused by the effect of rice-agroforestry on soil fertility, 
which is done through carbon parameters.  
The extrinsic characteristics are the content not relevant to the meta-analysis, such as the publication 
year, gender of author or purpose of the study (Sanchez & Marin-Martinze, 2011). In this study the 
extrinsic variables could be the objective of researching rice-agroforestry in each of the found studies, 
which does not influence this present study since interest lay on yield in rice-agroforestry either way.  
The methodological characteristics are the design of the study, the methods applied in the field and 
other scientific choices which possibly can affect the results. In this study it is identified which 
agricultural methods are used in each of the found studies, and if the research design can be 
compared across the found studies (See figure 5.1, step 3). The research designs of the ten included 
studies in this meta-analysis are different but have a number of basic characteristics in common. These 
characteristics define the code used in step three of the selection procedure: 
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1. The inclusion of trees must resemble what is possible for the locals. The trees must therefore 
grow close by the cultivated rice fields. Transportation of twigs and leaves for green manure 
over very long distances is neither possible nor cost effective for most poor farmers. 
2. Studies are excluded if the topic concerns the use of fallow and/or shifting, since data on yield 
ha-1 does not include the time frame and therefore does not account for years with no yield. In 
order for the studies to be comparable the production must be continuous without fallow. 
3. The studies must have control data, in order to compare the yield from the rice-agroforestry 
system with the yield from conventional rice production. The specific output in ton depend a 
lot on local conditions, hence a direct comparison between studies is not possible. For the 
yield parameters the measurements must be done on two uniform experimental fields. Thus 
the measurements are taken at the same time for both the control and the experiments. This 
is done in order to avoid annual climatic fluctuations.  
4. The agricultural practice under investigation, the practical incorporation of trees in rice 
production, must be field studies. Laboratory tests are made in closed systems, which exclude 
the effects of many underlying structures and therefore excluded 
Studies that do not contain data as described in the above criteria are not included. Despite the listed 
criteria above there are still differences in variables among the studies, since the studies include 
different: tree and rice species, climate zones, temperatures, annual rainfall, soil properties and 
agricultural practices. This is allowed since this study is on the matter of improved yield in % between 
rice-agroforestry and control, and not on the specific yield measurements. Narrowly defined inclusion 
criteria will give a more accurate and significant summary- and mean effect. When inclusion criteria 
are defined slightly broad as in this thesis, it is more important to look at the dispersion of results and 
to discuss the casualties (Borenstein et al., 2009: 316).  
 
4.4 Data Extraction 
When the data extraction process is initiated a limited number of studies have been selected, here 10 
(See figure 5.1, step 4). In this phase of the study design also data on agricultural methods (alley 
cropping, intercropping, tree species, rice species etc.), use of fertilizer, soil properties, average annual 
rainfall, climate zone, agroforestry method and if possible temperature will be extracted in order to 
thoroughly compare results and deliberate the validity of the meta-analysis in, chapter 5 (Higgins & 
Green, 2011: Section 7.7.5). The data extracted for the purpose of this study is continuous data, which 
means that values are extracted for the different variables for the control groups (conventional rice 
farming), experiments (rice-agroforestry), number of experiments (n) and standard deviations (SD).  
Some studies are designed to compare the effect of different treatments (different tree species, 
fertilizer levels etc.) and hence contain more effect sizes (subgroup results). The included studies 
contain data on the effect of 3-6 different tree species, n-fixing trees, fertilized controls etc., and 
consequently more than 10 subgroups were present in the selected studies. 
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4.4.1 Calculation methods 
Before performing the meta-analysis it is important that the measure of interest is reported in the 
same units or recalculated into the same unit. For the yield data most authors reported yield in t ha-1, 
however some studies were reporting in “bushels/acre”. All data was computed into t ha-1. Rice grain 
yield is calculated in t ha-1 of total land area including area with growing trees. For yield measurements 
“grain yield” with 14% moisture content (MC)9 was used as the response variant since it is often the 
only true measure of productivity because rice itself integrates across factors like: climate, soil, pests 
and diseases which affect yield (Sileshi et al., 2008).  
For the soil variables Carbon was always reported in percentage of soil mass, nitrogen was either 
reported in percentage or kg ha-1, phosphorous in mg kg-1 soil or kg ha-1. For nitrogen and phosphorous 
the analysis was done, where results were recalculated into kg ha-1, from percentage and mg kg-1 
respectively:  
           
                                    
   
     
           
                                                
       
  
In some studies the number of sub-experiments, the mean value of interest and the standard 
deviation was given. However, other studies only reported the mean values and no standard error and 
hence a pooled standard deviation was calculated from other studies containing standard deviation 
(Furukawa et al., 2006; Higgins & Green, 2005). In this study pooled standard deviation was only used 
in two cases. 
   √
(    )  
  (    )  
      (    )  
 
          
 
Where    is the pooled SD to be used for the studies where SD is not reported, n is the size of each 
experiment used to make the pooled SD,   
  is the variance of the first studies included and k is the 
number of studies used to make the pooled standard variation.  
Furukawa et al. (2006) argues that it will give a larger bias by excluding studies without SD than by 
estimating the pooled SD, since too many studies might be excluded. In this study a pooled SD was 
used once in the study of Whitbread et al. 2003. 
In 6 out of the 10 included studies there has been made repeated measures of different subgroups. 
Input data was calculated by arranging data in relevant groups (see tables 4.1 and 4.2 below) and a 
mean and standard deviation was calculated from the means of the subgroups. For example if a study 
reports yield measurements from 5 different subgroups a common mean and standard deviation was 
                                                          
9 14% MC in rice grains is used all studies. 
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calculated from the means of the five subgroups and was used to test against control results 
(DeCoster, 2004).  
 
4.5 The meta-analysis 
When the searching and coding of literature is done the statistical analysis and interpretation of results 
is performed, this is the actual meta-analysis (see step 5, figure5.1). 
In order to perform the meta-analysis a subdivision was made. First of all a raw analysis was computed 
in order to assess any overall effect. Furthermore the data was subdivided into several groups. The 
table below shows how the subdivision was done. 
Subdivision (Yield) Effect of interest 
1. Raw analysis Overall effect of agroforestry vs. control 
2. Non-fertilized control and agroforestry Effects of trees on rice production 
3. Fertilized control unfertilized Indication of difference between western 
agriculture and agroforestry 
4. Fertilized in both agroforestry and control Testing differences production in both systems 
optimized with fertilizer 
5. Nitrogen fixing trees on site compared to 
control 
Assessing whether nitrogen-fixation of trees on 
site has effect on production 
6. Non N-fixing trees on site compared to 
control 
Assessing whether non nitrogen-fixation of trees 
on site has effect on production 
Table 4.1: Subdivision of yield data for meta-analysis 
 
Subdivision (Soil data) Effect of interest 
1. Raw analysis of Nitrogen, Phosphorous and 
soil carbon 
Overall effect of agroforestry vs. control on soil 
fertility 
2. Time studies of soil carbon in agroforestry Change in soil carbon stock over time in 
agroforestry 
3. Time studies of soil carbon in controls Change in soil carbon stock over time in controls 
Table 4.2: Subdivision of soil data for meta-analysis 
A meta-analysis provides an effect size (the effect on yield of introducing rice-agroforestry compared 
to conventional rice production) and variance for each study and a weighted mean of these effect 
sizes. To be able to present a valid mean (summary effect) we assign more weight to the more precise 
studies. Hence the summary effect is the weighted mean of the individual effects. If the effect sizes of 
the studies vary a lot, the summary effect is less valid and therefore more focus is put on the 
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dispersion of effects and the causalities of this dispersion (Borenstein et al., 2009:6). The effect size is a 
measure of the individual studies effect on the meta-analysis, as well as a measure of the total power 
of all the studies on a given variable (Berthrong et al., 2009).  
The effect is in this study Mean Difference (MD) and a percentage difference was calculated, since the 
work here is done on continuous data. The standard deviations (SD) and sample sizes (n) are here used 
to weight each study, which means that studies with a small SD will be assigned a higher weight than 
studies with a large SD. MD is reported in the same units as the studied variable. The overall effect of 
the "treatment" (the implementation of trees in rice production), is tested statistically by using a two 
sided Z-test, where P < 0.05 indicates that there is a significant effect of the treatment (Higgins & 
Green, 2005). 
 
4.5.1 Heterogeneity  
Heterogeneity is tested between studies and indicates how comparable included studies are. 
Heterogeneity is a measure of the variability between, e.g. how differentiation, results and SD are 
between included studies. Testing for heterogeneity is done using a Chi2 test, where P>0.05 indicates 
no significant heterogeneity and thus studies can be compared without regards to inter-study-
heterogeneity. Furthermore in a meta-analysis heterogeneity is tested by the I2 test, which explains 
the percentage of the variance in Chi2 is due to heterogeneity between the studies. Generally low 
heterogeneity between the included studies' effects are desired, as these are supposed to report a 
uniform effect of the treatment (rice-agroforestry). On the other hand if the effects between the 
studies vary much this might be caused by studies being different and therefore harder to combine 
(Littell et al. 2008:105; Lalkhen & McCluskey, 2008).  
In a meta-analysis like this there are two models that can be used: a fixed effect model or a random 
effect model. A fixed effect model is a model that only uses effect and variation reported by the 
included studies. This model assumes that included studies are comparable and hence homogenous. A 
random effects model assumes that there is some built heterogeneity (or variation) among the 
selected studies due to study design: Climate, soil properties, methods of measurements sampling 
methods, both in the field and in the laboratory, varying tree species, rice species, various control 
areas, climate, annual rainfall, temperature, agricultural practice as well as varying soil properties were 
the primary factors causing heterogeneity between studies. Depending on the magnitude of the 
heterogeneity (described by the I2 test, see below), the random model adds some variation to the 
result. The larger I2, the larger “extra variation” is added, and hence it takes more to make a significant 
difference, the more heterogenic the included studies are. Analyses with large heterogeneity are 
hence more comprehensively dealt with using a random model.  
In this study, initially a fixed effect model forest plot was made. If heterogeneity in I2 test is 0-25% only 
a fixed effect model was used. If I2 was between 25 and 75% both a fixed and a random effect model is 
used and if I2 >75% only a random model was used. Where the results were insignificant, only the fixed 
effect model was shown, since no additional value was added by showing a random model also for 
insignificant results (Littel et al., 2008: 110; Ried, 2006).  
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4.5.2 Interpretation of forest plot 
The results found are computed in program Review manager 5.2 and presented in a ‘forest plot’, 
which is a graphical representation of the meta-analytical results (having no convergence with a 
physical forest), where the zero-line in the plot shows 0.05 significance limit. If the zero-line is crossed 
by the confidence intervals (CI) of the individual studies and thus also by the ‘black diamond’ at the 
bottom showing the overall effect, this means that no significant effect can be found. The width of the 
‘black diamond’ indicates the confidence intervals of the overall effect size, and the width of the lines 
show the confidence intervals for the effect size for each study (Higgins & Green, 2011: Section 
11.3.2). The forest plot thus provides: the summary data entered for each study; the weight for each 
study; the model and CI used to perform the meta-analysis; the effect estimate from each study, the 
overall effect estimate, and the statistical significance of the analysis, see figure 4.1 below. 
 
Figure 4.6 Interpretation of the forest plot.  
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Step 4 – Data extraction and performance of meta-analysis 
Step 2 - Data selection  
Step 1 - Finding literature  
Step 3 - Assessment of validity 
5. Results 
In the following results will be presented from step 1 till 4.  
Figure 5.1 below gives and overview of the procedure of the article selection. All in all 297 studies 
were identified (Step 1).  
 
 
 
 
 
 
 
 
 
 
 
  
269 Studies identified from Agroforestry 
Journals, Web of Knowledge, IRRI and 
Google Scholar 
10 Articles included in the meta-analysis 
 
- 6 Studies contain data on both yield  
- 4 Articles contain data on both yield parameter and 
soil fertility parameter 
 
 
102 Articles included in systematic review using relevant 
moderator variables 
 
6 Studies identified from contact to 
network and experts and stakeholders  
297 Studies received 21 Studies found by searching reference lists 
1 Study identified from 
informal literature  
69 Articles excluded based on substantive 
characteristics. 
 
12 Did not include research on trees incorporated in 
rice production. 
 
11 Articles excluded based on methodological 
characteristics: 
- Included fallow or shifting cultivation 
- Did not present control data 
- Experiment performed in laboratory 
 
 
 
 
 
 
295 Studies excluded based on review of title 
and abstract 
54 Experiments ready 
to include e in the yield 
meta-analysis 
25 Experiments ready to 
include e in the soil meta-
analysis 
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5.1 Selection of studies and screening of abstracts (Step 1 and 2) 
The first step of the literature search gave a total of 297 studies, see step 1 in figure5.1, and see 
appendix 3, which shows the names of these studies. The first step of selection is a general screening 
of the abstracts of the studies, performed with very broad criteria containing all studies with trees in 
rice production. This left us with 297 studies. Table 5.1 shows the result from the selection of studies 
and the following screening of abstracts (step 2). This left us with 102 studies to work with in step 3. 
Table 5.1: Results from literature search and screening of abstracts (step 1 and 2). 
No. Study reference  Title of study 
1 Agus et al. 1998 Grain crop response to contour hedgerow systems on sloping oxisols. 
2 Amara et al. 1995 Nitrogen contribution by multipurpose trees to rice and cowpea in an alley cropping system in Sierra 
Leone 
3 Angawa et al. 200 Natural resource use, constraints and possible interventions: the case of Kakola rice growing village, 
Nyando district 
4 Bagavathiannan et al. 
2011 
Comparison of weed management programs for furrow-irrigated and flooded hybrid rice production 
in Arkansas 
5 Baggie et al. 2000 Ameliorating acid infertile rice soil with organic residue from nitrogen fixing trees 
6 Bala & Hossain 2008 Yield and Quality of Rice as Affected by Molybdenum Applied With Chemical Fertilizers and Organic 
Matter 
7 Banik et al. 2006 Natural resource inventory of luppi village, eastern plateau of India: Implications for sustainable 
agricultural development 
8 Bargali et al. 2009 Acacia nilotica-based traditional agroforestry system: Effect on paddy crop and management 
9 Bhatt et al. 2009 Allelopathic effects of agroforestry trees on field crops in eastern Himalaya 
10 Bhatt & Misra 2003 Production potential and cost-benefit analysis of agrihorticulture agroforestry systems in northeast 
India 
11 Boye et al. 2013 Analysis of glabrous canary seeds by ELISA, mass spectrometry, and western blotting for the absence 
of cross-reactivity with major plant food allerge 
12 Budiadi et al. 2005 Productivity of kayu putih (melaleuca leucadendron Linn) tree plantation managed in non-timber 
forest production systems in Java, Indonesia 
13 Budiadi et al. 2010 Comparison of carbon sequestration between multiple-crop, single-crop and monoculture 
agroforestry systems of Melaleuca in Java, Indonesia 
14 Bruun et al. 2005 Linking yields of upland rice in shifting cultivation to fallow length ans soil properties 
15 Calendacion et al. 1992 Lock lodging: a new technology for ratoon rice cropping 
16 Dagar et al. 2001 Raised and sunken bed technique for agroforestry on alkali soils of northwest India 
17 Das et al. 2010 Productivity and economics of lowland rice as influenced by incorporation of N-fixing tree biomass in 
mid-altitude subtropical Meghalaya, India 
18 Das & Das 2010 Litter production and decomposition in the forested areas of traditional homegardens: A case study 
from barak valley, assam, northeast India 
19 Delgado & Canters 2012 Modeling the impacts of agroforestry systems on the spatial patterns of soil erosion risk in three 
catchments of claveria, the Philippines 
20 Delmotte et al. 2011 On farm assessment of rice yield variability and productivity gaps between organic and conventional 
cropping systems under mediterranean climate 
21 Dhakal et al. 2012 Evolution of agroforestry based farming systems: A study of Dhanusha district, Nepal 
22 Djumaeva et al. 2012 Chlorophyll meters for monitoring foliar nitrogen in three tree species from arid central Asia 
23 Dong et al. 2004 Farm level practices and water productivity in zhanghe irrigation system 
24 Ebaid & El Refaee 2007 Utilization of rice husk as an organic fertilizer to improve productivity and water use efficiency in rice 
fields 
25 Evensen et al. 1994 Growth of 4 tree species managed as hedgerows in response to liming on an acid soil in west 
Sumatra, Indonesia 
26 Evensen et al. 1995 Decreasing rice and cowpea yields in alley cropping on a highly weathered oxisol in west Sumatra, 
Indonesia 
27 Fagerström et al. 2001 Innovations within upland rice-based systems with Tephrosia candida as fallow species, hedgerow, or 
mulch net returns and farmers response 
28 Fang et al. 2005 Poplar in wetland agroforestry 
29 Fernández et al. 2008 Belowground interactions for water between trees and grasses in a temperate semiarid agroforestry 
system 
30 Garrity & Becker 1993 Where do green manures fit in Asian rice farming system? 
31 Garrity & Liboon 1995 A non-conventional method for establishing upland crops following lowland rice in saturated soils 
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32 Garrity & Mercado 1994 Nitrogen-fixation capacity in the component species of contour hedgerows - how important 
33 George et al. 1995 Nitrogen dynamics of grain legume-weedy fallow-flooded rice sequences in the tropic 
34 George et al. 2002 Rapid yield loss of rice cropped successively in aerobic soil 
35 Giashuddin et al. 1995 Weed infestation and growth in an upland rice-tree association 
36 Ghosh & Kashyap 2003 Effect of rice cultivars on rate of N-mineralization, nitrification and nitrifier population size in an 
irrigated rice ecosystem 
37 Grandstaff et al. 1986 Trees in paddy fields in Northeast Thailand 
38 Gravois & Helms 1996 Seeding rate effects on rough rice yield, head rice, and total milled rice 
39 Hamon et al. 1998 Effects of quantitative and qualitative principal component score strategies on the structure of 
coffee, rubber tree, rice and sorghum core collections 
40 Herrera et al. 1997 Management of sesbania rostrata green manure crops grown prior to rainfed lowland rice on sandy 
soils 
41 Hocking et al. 1996 Trees on farms in Bangladesh .4. crop yields underneath traditionally managed mature trees 
42 Hocking & Islam 1997 Trees on farms in Bangladesh: 5. growth of top- and root-pruned trees in wetland rice fields and 
yields of understory crops 
43 Hossain 2001 Farmer's view on soil organic matter depletion and its management in Bangladesh 
44 Islam and Rahman 2006 The Effect of Eucalyptus-Rice Based Agroforestry System on the Prevalence of Major Rice Diseases 
45 Islam et al. 2006 Infestation of insect pests in tree-rice agroforestry system 
46 Jha et al. 2009 Isolation, partial identification and application of diazotrophic rhizobacteria from traditional indian 
rice cultivars 
47 Jose 2009 Agroforestry for ecosystem services and environmental benefits: An overview 
48 Jose 2011 Managing native and non-native plants in agroforestry systems 
49 Kan 2004 Improving irrigation management systems for rice farming 
50 Khaliq et al. 2012 Bio-economic and qualitative impact of reduced herbicide use in direct seeded fine rice through 
multipurpose tree water extracts 
51 Khybri et al. 2012 Crop yields of rice and wheat grown in rotation as intercrops with 3 tree species in the outer hills of 
western Himalaya 
52 Leroy et al. 2009 Virtual trees and light capture: A method for optimizing agroforestry stand design 
53 Li Su-Mei et al. 2012 Expression patterns of nine ammonium transporters in rice in response to N status 
54 MacLean et al. 2003 Impact of gliricidia sepium and cassia spectabilis hedgerows on weeds and insect pests of upland rice 
55 Magcale-macandog et al. 
2010 
Enhancing the food security of upland farming households through agroforestry in claveria, misamis 
oriental, Philippines 
56 Mary & Michon 1987 When agroforestry drive back nantural forest - a socio-economic analysis of a rice-agro-forest system 
in Sumatra 
57 Manyong et al. 1996 Macrocharacterization of agricultural systems in central Africa 
58 Mercado 2006:  Timber tree species evaluation 
59 Mercado et al. 1993 Upland rice cultivars for improved acid upland rice-based farming systems 
60 Nguyen et al. 2012 Multipurpose agroforestry as a climate change resiliency option for farmers - an example of local 
adaptation in Vietnam 
61 Orden et al. 2010 Leucaena leucocephala and gliricidia sepium supplementation in sheep fed with ammonia treated 
rice straw: Effects on intake, digestibility, microbial protein yield and live-weight changes 
62 Pandey et al. 1999 Growth and productivity of rice (Oryza sativa) as affected by Acacia nilotica in a traditional 
agroforestry system 
63 Pandey & Sharma 2003 Residual effect of nitrogen on rice productivity following tree removal of acacia nilotica in a 
traditional agroforestry system in central India 
64 Pandey & Sharma 2002 Residual effect of nitrogen on rice productivity following tree removal of Acacia nilotica in a 
traditional agroforestry system in central India 
65 Pearce et al. 1999 Economic and agronomic effects of four tillage practices on rice produced on saline soils 
66 Pernito et al. 1992 Farm level evaluation of drainage technology for mungbeans grown prior to lowland rice 
67 Puri et al. 1992 Effects of trees on the yield of irrigated wheat crop in semi-arid regions 
68 Rao & Siddaramappa 
2008 
Evaluation of soil quality parameters in a tropical paddy soil amended with rice residues and tree 
litters 
69 Roder et al. 1994 Weeds in slash-and-bum rice fields in northern Laos 
70 Roder et al. 1995 Relationships between soil, fallow period, weeds and rice yield in slash-and-burn systems of Laos 
71 Roder et al. 1997 Weeds in slash-and-burn rice fields in northern Laos 
72 Roder & Maniphone 1998 Shrubby legumes for fallow improvement in northern Laos- establishment, fallow biomass, weeds, 
rice yield, and soil properties 
73 Roel & Plant 1994 Factors underlying yield variability in two California rice fields 
74 Roel et al. 2007 Why do some farmers get higher yields? multivariate analysis of a group of uruguayan rice farmers 
75 Romanillos 2010 Rice-Based Agroforestry Tecnology - A strategy in potimizinf agrocultural productivity and income in 
maganalized, Philippines 
76 Romanillos et al. 2010 Rice-based agroforestry technology - A Strategy in Optimizing Agricultural 
77 Rosenstock et al. 2014 Agroforestry with N2-fixing trees- sustainable developments friend or foe 
78 Saelee et al. 1992 Effects of trees on paddy bund on soil fertility and rice growth in northeast thailand 
79 Saito et al. 2008 Planted legume fallows reduce weeds and increase soil N and P contents but not upland rice yields 
80 Saito et al. 2009 Broussonetia papyrifera (paper mulberry): Its growth, yield and potential as a fallow crop in slash-
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and-burn upland rice system of northern Laos 
81 Salzar et al. 1993 Crop-tree interactions in alley cropping systems on alluvial soils of the upper amazon basin 
82 Samra et al. 1992 Structured heterogeneity of soil-ph and grain-yield of rice and wheat grown in a sodic soil 
83 Samsuzzaman et al. 1999 Soil property changes in contour hedgerow systems on sloping land in the Philippines 
84 Sarwar et al. 2007 Use of compost an environment friendly technology for enhancing rice-wheat production in Pakistan 
85 Schroth et al. 1995 a Alley cropping groundnut with gliricidia-sepium in cote-divoire - effects on yields, microclimate and 
crop diseases 
86 Schroth et al. 1995 b Alley cropping with gliricidia sepium on a high base status soil following forest clearing: Effects on soil 
conditions, plant nutrition and crop yields 
87 Semwal et al. 2002 Crop productivity under differently lopped canopies of multipurpose trees in central Himalaya, India 
88 Siavoshi 2011 Effect of Organic Fertilizer on Growth and Yield Components in Rice 
89 Sileshi et al. 2008 Meta-analysis of maize yield response to woody and herbaceous legumes in sub-Saharan Africa 
90 Simmonds et al. 2013 Underlying causes of yield spatial variability and potential for precision management in rice systems 
91 Singh et al. 2008 Influence of naturally occurring trees on field bunds and their impact on yield parameters of paddy 
crop 
92 Sharad & Upadhyaya 
2012 
Pattern of litter decomposition and soil respiration in Acacia nilotica based agroforestry system on 
rainfed ecosystem 
93 Steward 1992 Land-use options to encourage forest conservation on a tribal reservation in the Philippines 
94 Szott & Kass 1993 Fertilizers in agroforestry systems 
95 Tomar et al. 2013 Crop response and soil fertility as influenced by green leaves of indigenous agroforestry tree species 
in a lowland rice system in northeast India 
96 Torres et al. 1995 Stem-nodulating legumes as relay-cropped or intercropped green manures for lowland rice 
97 Sinukaban et al. 2000 Role of paddy rice fields sawah as sediment filter in agroforestry mosaics 
98 Upadhyaya et al. 2012 Pattern of litter decomposition and soil respiration in Acacia nilotica based agroforestry system on 
rainfed ecosystem 
99 Viswanath et al. 2000 Acacia nilotica trees in rice fields - A traditional agroforestry system in central India 
100 Whitbread et al. 2003 Managing crop residues, fertilizers and leaf litters to improve soil C, nutrient balances, and the grain 
yield of rice and wheat cropping, systems in Thailand and Australia 
101 Whitbread et al. 1999 The management of rice straw, fertilizers and leaf litters in rice cropping systems in northeast 
Thailand. 2. rice yields and nutrient balances 
102 Wicke et al. 2013 Biomass production in agroforestry and forestry systems on salt-affected soils in south Asia: 
Exploration of the GHG balance and economic performance of three case studies 
 
5.2 Data selection and data extraction (Step 3 and 4) 
Appendix 1 shows the ten studies included on the basis of the analytical criteria: rice production with 
agroforestry methods and compared with control experiment. After applying the selection code 10 
studies were left with data appropriate for the meta-analysis. These 10 studies contain research on 2-9 
different types of rice-based agroforestry each, resulting in a total of 54 individual sup-experiments. 
For each study the number of observations in each experiment is also shown in appendix 2, and here 
the total number of observations is 158, see appendix 2.  
Appendix 1 also shows studies after the exclusion of studies from step 3, which did not feature the 
chosen criteria. The studies excluded in step 3 were among others: four studies had good data, but 
were excluded because of missing control (Salazar et al. 1993, Singh et al. 2008, Bhatt et al, 2009); one 
yield data study (Das et al., 2010) was not included because of repeated experiments in another study 
(Tomar et al., 2013) and some studies were made in in laboratory, which were not found useful. All in 
all this resulted in 10 studies, which will be included in the meta-analysis, see table 5.2, figure 5.1, 
appendix 1. 
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5.3 The meta-analysis (step 5) 
54 observations of data of rice yield in agroforestry systems from the 10 studies were included in the 
database for the meta-analysis; see raw data in appendix 5 on attached CD. Additionally data on 
methods and design has been used; see appendix 2. Below the table (5.2) shows which studies 
contributed with data for the different meta-analysis. 
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Yield: Fertilized and 
unfertilized control 
+ + + + + + + + + + 10 
Yield: No fertilizer + +     +   + + + + 7 
Yield: Unfertilized 
AF/Fertilized control 
+ +     +     + + + 6 
Yield: Fertilized 
AF/fertilized control 
+ + +   + +   +     6 
Yield: N-fixing trees   +           +     2 
Yield: Trees in + +     +   + + + + 7 
Yield: Trees away               +     2 
N       + +     +     4 
P       +       +     3 
C       + +     + + + 5 
Total 5 6 2 4 7 2 2 9 7 6   
Table 5.2: 1: Overview of which articles are included in which analysis. Results after exclusion. + signifies that 
the analysis exist. AF (Agroforestry), N (nitrogen), P (phosphorous), C (carbon).  
Figure 5.2: 1: Amara et al. (1996) 2: Khybri et al. (1992), Agus et al. (1996) 3: Bhatt & Misra (2008), Das et al. (2010), Tomar et al. (2013) 
4: Whitbread et al. (2003) 5: Evensen et al. (1995) 6: Samsuzzaman et al. (1999) 7: MacLean et al. (2003)  
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5.4. Rice yield analysis 
In the following the results of rice yield in agroforestry systems versus control under different 
scenarios are shown. The first investigation is to assess whether there in general is any difference in 
yield level between agroforestry and the controls presented in the selected studies. 
 
5.4.1. Yield in rice-agroforestry compared to fertilized and unfertilized control  
 
Table 5.3: Forest plot on rice yield in rice-agroforestry systems versus rice yield in control with both fertilized and not fertilized studies. No 
steps to sort data have been made before this analysis.  
The forest plot shows a rather diverging result and no statistical difference is revealed (P=0.99), 
however this is not surprising, since some controls and agroforestry systems are fertilized with mineral 
fertilizer and others are not. The heterogeneity test also shows that there is great heterogeneity 
between the individual studies, since as much as I2 = 78%, suggesting the use of a random model, 
however since the result is insignificant no additional value would be added by adding more variation 
to the study. Instead the data was refined in subgroups, in order to give a more clear result.  
In table 5.4 “the world without fertilizer” only investigations where no mineral fertilizer has been 
added to neither control nor the agroforestry system are shown.    
 
Table 5.4: Rice yield where no mineral fertilizer has been added to control or agroforestry system. 
There is a clear significant result (P=0.03). The agroforestry system are performing better when there is 
not used any fertilizer and are on average producing 0.48 t ha-1 or 36% more than the unfertilized 
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controls, indicating that if no fertilizer can be acquired it would be beneficial to use an agroforestry 
system. Having no fertilizer is however not always the case and it is therefore important to know 
whether application of fertilizer would have any effect on the systems. In the following the result for 
non-fertilized agroforestry and fertilized control are shown. 
  
Table 5.5: Rice yield of fertilized control plots in comparison with non-fertilized agroforestry systems. 
It is clear and statistically significant (P=0.05), that application of inorganic fertilizer performs better 
than an unfertilized rice-agroforestry system, with fertilized control producing on average 0.3 t ha-1 or 
28% more than unfertilized agroforestry. In some cases the agroforestry systems were also fertilized 
with mineral fertilizer. Table 5.6 shows the results, when comparing agroforestry and control, when 
both systems are fertilized. 
 
 
 
Table 5.6: Rice yield comparison where mineral fertilizer has been added to both agroforestry and the control plots. 
The controls are still producing more rice (0.3 t ha-1 or 20.6%) than the agroforestry system, however 
the result is slightly insignificant (P=0.08). The I2 test is here 66% and hence both the fixed and random 
model is shown. In the fixed model the result is highly significant (P=0.00002), however due to the 
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large heterogeneity (variation) added in the random model we cannot make a clear cut conclusion on 
the result, since the random model does not give a significant result (P=0.08) (table5.6).  
 
5.4.2 The influence of tree species 
As described, some of the trees used in the agroforestry systems are nitrogen fixing and others are 
not. In the following results assessing the effects of N-fixing and non N-fixing trees are shown. 
 
Table 5.7: Comparison of rice yield in agroforestry with and without N-fixing trees. 
The data material to make this analysis is rather slim. More studies should have been included, 
however these were fertilized with mineral fertilizer and this would blur the result, since it would be 
unclear where the effect came from, the N-fixing tree or the mineral fertilizer. The tendency of 
nitrogen fixing trees yielding 0.45 t ha-1 or 30.8% more rice than non N-fixing trees is not significant. 
Had there more studies, the result would have been clearer.  
  
5.4.3 Trees in and away from the field  
 
Table 4.8: Yield data of rice-agroforestry with trees on field.  
Table 4.8 shows that there is no significant difference between using agroforestry systems with trees 
on the site (hedgerow, alley cropping or contour hedgerow) and unfertilized control, however there is 
a tendency (P=0.1) that agroforestry is still yielding 0.13 t ha-1 or 9% more per hectare than the 
unfertilized controls.  
For systems with trees away from site only two studies were found useful. The I2 test encloses a large 
degree of heterogeneity between the studies. However the I2 is as stated in the method chapter poorly 
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performing when only few observations are included and hence the fixed effect model is here 
considered the most correct model to use, since we find it abnormal that two highly significant studies 
give an insignificant overall result. Using incorporation of biomass in lowland rice, as performed in 
Tomar et al. (2013) and Whitbread et al. (2003), will give a production increase of 0.55 t ha-1 or 14.3% 
(P<0.00001) than unfertilized control.  
 
 
Table 5.9: Yield data of rice-agroforestry with trees away from the field. Both a random and a fixed model is shown even though I2=98%. This 
is done since the I2 test will perform rather poor with only two observations, and might give an unreasonable high degree of heterogeneity. 
There is a clear tendency that when no mineral fertilizer is available, the use of agroforestry will 
improve the yield of rice (5.4), the effect is most outspoken in lowland rice, where the trees are not 
standing in the field (table5.9) and is diminishing in upland rice where the trees are standing on the 
field. The results in table 5.5 and table 5.6 showed that application of mineral fertilizer had a large 
effect in the control systems but only a limiting effect on the agroforestry systems.  
 
5.5 Soil analysis 
Soil fertility in the long run plays an important role in production. Some of the yield studies presented 
above also contained soil fertility measurements. Below these results are presented. 
 
5.5.1 Nitrogen 
 
Table 5.10: Available nitrogen kg/ha in agroforestry  
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For available soil nitrogen there is a clear statistically significant (P=0.04) tendency that using 
agroforestry improve the soil nitrogen stock by on average 18.40 kg ha-1 (table 5.10) equivalent to a 
7.4% increase. The study was made on the raw data, where both fertilized and unfertilized controls are 
inserted in the analysis, indicating that even application of fertilizer does not have an effect larger than 
agroforestry on soil nitrogen.  
 
5.5.2 Phosphorous 
 
 
Table 5.11: Available phosphorous (kg ha-1). Fixed and Random effect models respectively. Both with significant results. 
For phosphorous the equivalent analysis was made as for nitrogen. There was a significant increase in 
available phosphorous at 2.85 - 3.09 kg ha-1 (table 5.11), showing a relative increase at 36-39 %, 
depending on which of the models we chose to trust (random or fixed), which in this case is hard to tell 
(I2 close to 50%). For precaution we chose to trust the random model. The important is although that 
both the random and the fixed model show that the difference in phosphorous between agroforestry 
and control is significant.  
 
5.5.3 Soil organic carbon 
 
Table 4.11: Soil carbon % 
52 
The analysis was similarly made for soil organic carbon. Again the tendency is clear, namely that using 
agroforestry will increase the stock of carbon on average for these studies 0.12% or a relative increase 
of 5% (P=0.03). This can explain that the stocks of the other nutrients are higher in agroforestry, since 
soil carbon has a strong adsorption effect (see soil theory chapter), even though fertilized controls 
were included.  
 
Table 5.12: Change in soil carbon stock over time in the agroforestry 
 
Table 5.13: Change in soil carbon stock over time in the controls 
Table 5.12 and 5.13 should be viewed together as a soil carbon stock comparison in time between 
agroforestry (table 5.12) and control (table 5.13) results. The measurements were taken with a 3 year 
interval with trees on sites and outside field of varying age (3-7 years). It is significant (P=0.03) that the 
soil carbon stock in agroforestry increases over time (table 5.13), where there is no significant change 
in soil carbon stock in the controls reported in these studies.  
Further subdivision of soil data e.g. dividing into fertilized and unfertilized control etc. was not possible 
due to the nature of the data and too few studies. 
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6. Discussion 
The overall aim of this study has been to investigate how rice yield is affected by implementation of 
agroforestry and which effects it has on soil fertility (carbon, nitrogen and phosphor) in order to find 
out how beneficial agroforestry is for small scale rice farmers both in the short and the long run.  
As reality exists outside and independently from the authors of this study, the nutrient cycles and 
socio-economic systems occur and affect the small holder farmers, regardless of how this study 
analyses it. There are systems and structures unavailable to this study, which affects small holder 
farmers and an entire mapping of rice-agroforestry will therefore never be possible. In the above the 
mechanisms and constitutive structures, which can be used to explain the causalities of the actual rice-
agroforestry systems, have been described thoroughly. Through the meta-analysis the structures of 
agroforestry have been described, by presenting 158 experienced events which have been empirically 
recorded (Hansen & Simonsen, 2007:130f). In the following some of the structures which produce 
actual events will be analysed and variables which are determining for the favourability of rice-
agroforestry will come to light. 
Generally the results reflect the diversity of the included studies with regards to applied methods in 
the experimental designs of the different studies however the results also reveal a picture of an 
increased yield where no fertilizer is available and improvement of soil fertility when changing from 
conventional rice-farming to rice-agroforestry. In the following found results are discussed, starting 
with the influence of rice-agroforestry on soil properties, C, N and P. 
 
6.1 Soil fertility in Rice-Agroforestry systems 
It was found that soil organic carbon (C) relatively increased by 5% (from 2.43-2,53% C), when 
changing from  conventional rice farming to rice-agroforestry, which is not surprising, since tree litter 
(leaves and twigs) produces soil organic matter, of which approximately 58% is soil organic C (Umrani 
& Jain, 2010). Over time there was a clear tendency that the soil carbon stock in agroforestry 
increased, which was not the case for unfertilized  conventional rice farming. An increase in C between 
the two measurements may also continue to increase depending on the age of the agroforestry 
system. All types of soils have a carbon equilibrium point which is influenced by the natural 
environment such as temperature, rainfall and vegetation, and thus the carbon equilibrium point is the 
result of carbon input and output to the soil (Gou & Gifford, 2002). If the carbon equilibrium point is 
disturbed, like it is when changing to rice-agroforestry, the soil will act like a carbon sink or a carbon 
source. Introduction of agroforestry will in most cases make it become a sink of carbon, meaning 
increased level of carbon in the soil, which is reflected in our results on carbon. The relative increase 
on 5% in soil organic C is obviously not exponentially increasing for ever, but the tendency is clear that 
more soil organic C may be added to the field in a longer time period. More experiments are needed in 
order to conclude on where the carbon equilibrium for rice-agroforestry is. The magnitude of the 
equilibrium is dependent on site-specific parameters and will vary from site to site (Binkley & Fisher, 
2013:50).  
Increased soil organic C improves the soil structure, encourages the growth and activity of mycorrhizae 
and other beneficial organisms in the soil, alleviates the deficiency of secondary and micro-nutrients, 
besides sustaining higher productivity due to improved cation exchange capacity of the soil (Tomar et 
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al. 2001; Umrani & Jain, 2010; Pinho et al., 2012). Additionally Gan et al. (1998) find that organic 
matter can reduce emission of fertilizer, herbicides and pesticides if the rice farmer would have been 
able to apply this. The profitable characteristics of soil organic carbon connected to the 5% carbon 
increase may correlate to the found results of 36% increase in mean yield for rice-agroforestry farmers 
without fertilizer (Table5.4).  
The increase in soil organic C in the included studies is first of all caused by the SOM from trees, but 
also the type of tree, type of rice variety and type of agroforestry method, hydrological system of the 
rice cultivation system, slope of the field, soil properties and climate. It has not been possible to test 
on these parameters due to the nature of this data, but there are clear examples of these parameters 
affecting soil organic C. Das el al. (2010) found the largest increase in carbon, 9% (from 2.50-2.71% C), 
which is explained by the adoption of well-suited N-fixing trees in their experiment, and they point out 
that the tree species Erythrina indica is remarkably suitable in rice agroforestry (see appendix 2), since 
this N-fixing tree not only improves rice productivity but also improved C by 14%. Biomass of A. 
auriculiformis was found to increase soil organic matter by 15.4%, but did not give as high a yield as E. 
indica. The average soil organic C improvement on 9% in the study of Das et al. (2010) might correlate 
to their finding of improved yield on 16.8% (1.51 t ha-1). The hydrological characteristics of the rice 
production system also influence the amount of organic C. In lowland rice systems, like Das et al. 
(2010), Tomas et al (2013) and Whitbread et al. (2003) tree litter might decompose slower due to the 
aquatic anaerobic environments entailing larger accumulation of soil organic C (Binkly & Fisher, 
2013:52; Petersen, 1994:174).  
Other studies point out the N-fixing Gliricidia spp. as the best type of rice-agroforestry tree in terms of 
improving soil organic C (Chaphale & Badole, 1999; Samsuzzaman et al., 1999; Evensen et al., 1995; 
Amara et al., 1996 Agus et al., 1999; MacLean et al., 2003) and other again find the tree species 
Leucaena leucocephala (see appendix 2), as the tree performing best when it comes to soil organic 
matter (Orden et al., 2000), which proves the point that the ideal ‘C improving tree’ change from 
region to region depending on biotic and abiotic factors. Evensen et al. (1995) elaborates this by 
stating that biomass production by trees and shrubs is higher in regions with high rainfall and 
congenial humidity, which increases soil organic C. They also find that the decomposition of green leaf 
manure application might be affected by different lime rates which also affect the soil C 
measurements, since increased pH in acid soils speeds up the decomposition rate.  
The exact rice variety in the included studies of the carbon analysis were not stated, but it is clear that 
the choice of rice variety has a large effect on the amount of soil organic C. Rice variety with a large 
and fibrous root system, robust stem, leaves and panicles will add more organic matter to soil. Many 
rice varieties also have improved husk which also improve soil organic C if used as organic fertilizer 
after milling (OECD, 1999). Some rice varieties, mainly O. glaberrima, can survive as a perennial crop 
and can produce a ratoon crop for up to 30 years in tropical region. When practicing ratooning 
harvesting leaves the roots of the rice plant in the soil for further growth, and the soil will therefore 
not be disturbed by ploughing (Jones et al., 1997). Hence ratooning will decrease erosion risks in 
upland rice production. Ratooning normally has a low yield potential due to the poor resistance to 
grain shattering and lodging (Dingkuhn et al., 1998). New studies have nevertheless found that the 
new hybrid variety Sahsarang have high yield potential when being ratoon cultivated, but this 
cultivation practice with high yielding varieties are still scientifically under way (Munda et al. 2009). 
Das et al. (2003) and Tomar et al. (2013) do however not test ratooning on the rice variety they are 
testing in their experiment, namely Sahsarang. If small scale farmers would be able to practice 
ratooning with high yielding varieties in combination with agroforestry soil organic matter would 
certainly have an increasing potential due to no use of soil cultivation/ploughing after harvest. 
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Samsuzzaman et al. (1999) find that the type of agroforestry systems influence on the amount of soil 
organic C, and conclude that pruning of Cassias spectablis, crop residues and crop roots in a hedgerow 
system upland gives the highest amount of organic C; whereas MacLean et al. (2003) find that alley 
cropping with pruning and mulching with the trees Gliricidia sepium and Cassia spectabilis generally is 
the most readily available technology to overcome the small scale farmers problem of soil fertility, and 
they state that small scale farmers would be able to double their rice yield, since there are enough 
rainfall to accomplish this, if they would just increase soil organic matter, see section 4, on further 
discussion on effective agroforestry systems in rice production.  
All included studies concluding on organic C found lower C in fertilized control than in rice-agroforestry 
- except one. Samsuzzaman et al. (1999) found a carbon decreased on 5% after introduction of rice-
agroforestry. The reason for this conclusion is not clear. However the initial measurements from the 
treated area, the rice-agroforestry, started out with unusual high level of soil carbon. This might be 
due to forest clearings just before the introduction of rice-agroforestry. Soils in a primary forest or 
secondary forest are naturally covered with a thick layer SOM due to the high input from the trees 
(Binkley & Fisher, 2013:51). In a rice-agroforestry system there are not as many trees as in a primary or 
secondary forest, a lower level of carbon is expected, which might explain the decrease in soil carbon 
in Samzzusaman et al., (1999). Another possible explanation is the appearance pest in favour of the 
leaves of introduced trees, Gliricidia sepium and Cassias spectablis (Evensen et al., 1995). 
Also the low carbon measurement can be affected by the excavation of terraces, which is not further 
explained in Samsuzzaman et al. (1999). It is however likely that terraces have been excavated in this 
upland rice systems since the fields in their experiment are very slope, up to 30%. When excavating 
terraces in upland rice production the saprolite soils (Petersen, 1993:183) are being exposed. These 
soils are difficult to regenerate, since large parts of these soil layers are composed of weathered 
parent material which can contain up to 5 times less carbon (Mund, 1999) than humus, and Tanaka et 
al. (2009) find that soils covered with soil organic matter contain 6 times more carbon than on the 
terraces. 
Another factor that might have influenced the carbon measurements in rice-agroforestry experiments 
of Samsuzzaman et al. (1995) is if these measurements are taken on hillsides more sloping than the 
control site, which could cause lower carbon findings. Samsuzzaman et al. (1995) describe that the 
experimental sites had a slop of 8-30% which is quite divers, but do not enclose the degree of incline 
on the control or agroforestry site. If the rice-agroforestry site is on a 30% slope and the control is only 
on an 8% slope, then the results will reflect this. If the slopes are not covered with vegetation, this 
means that rainwater erodes the soil, and the upper strata containing the largest amount of carbon 
are the thereby also washed further down the slope, which will appear more on the slopes with a 
higher degree of incline. The sloping hillsides are very sensitive to rainfall after harvest, because 
disturbance in upper soil layer causing destruction of physical structure of soil will cause carbon-loses 
of physical protection. The richest soil is the top soil, which is also the soil exposed to soil erosion and 
runoff causing crucial carbon and nutrient losses. Run-off and evapotranspiration are often high in the 
tropics due to the fact that soils seal easily and have low rates of moisture absorption (Ruthenberg 
1980: 21ff). Vegetation on slopes and drainage practices are therefore important factors to improve 
the amount of carbon in soil, which trees will help out. It should however be kept in mind that the 
terrace level out if heavy rain occurs often. In high rainfall areas terraces can be leveled out in 3-4 
years (MacLean et al., 2003). 
Plant residue can reduce erosion by restricting water movement across and away from a fields and 
organic matter binds soil particles together and decrease the risk of washing out nutrients (Morgan et 
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al., 1983; Chaplot et al., 2005). If the slope of a hillside with crops and no trees is more than 25 degrees 
then the soil loss will surpass the limitation of soil loss: 12 t ha-1 year-1 (Renard et al., 1997). Guo and 
Grifford (2002) find that the carbon amount is very dependent on amount of rain. Only in regions with 
more than 1500 mm rain yearly the carbon will be lost, dependent on the slope of the hillside. 
Ruthenberg (1980:21ff) similarly comment on difficulties of farming in the tropics due to heavy rainfall. 
When it rains large amounts often fall in a short period of time causing nutrient run-off, erosion and 
also extensive leaching which leads to soil organic matter and nutrients being carried below root zone 
and therefore many soils especially in the humid tropics suffers from low level of natural fertility.  
There are divergent views on the time frame in which soil fertility can be restored if the soil has been 
depleted from agricultural practice. Post et al. (2000) do not find it possible to easily restore soils 
which have been depleted by agricultural practice, since the soil processes are very lengthy. Tanaka et 
al. (2009) on the other side believe that the soil can restore itself through ‘carbon restoring farming 
practices’, where organic matter is applied frequently. It has also been found that intercropping rice 
with for example wheat, azolla, berseem, pigeon-pea or cowpea have a carbon-improving effect on 
soils, especially when field are not empty for long after harvest (Kaur et al., 2000; Satapathy & Singh, 
1985; Nair et al. 1998). Our results however showed a quite rapid increase in soil organic carbon after 
introduction of agroforestry, indicating that the time frame restoring soil carbon stock may not be that 
long.  
 
6.1.1. The Effect of Trees on Soil Nutrients  
Results on nitrogen showed similar patterns as for carbon, which is not surprising, since the two 
parameters are inextricably linked, due to the fact that N mainly derives from decomposition of soil 
organic matter in unfertilized agroforestry. For this reason, all of the above factors causing a decrease 
or increase in C also linked to the level of N, and these figures are therefore not repeated in this 
section. The results from the N measurements showed a 7.5% increase which might correlate with the 
carbon increase of 5%. Das et al. (2010), Evensen et al (1995), Samsuzzaman et al. (1999), and Tomar 
et al. (2013) respectively found a change in N on: 11, 10, -1 and 11%, which was also reflected in their 
results on C: 8, 6, -5 and 6%. They all showed a higher level of N than in C which is related to the fact 
that soil organic matter decomposes fast in warmer climates where the experiments are performed. In 
the decomposition of organic matter N is released to the soil whereas much of C is turned into a CO2 
and hence not released to the soil but to the atmosphere. In many tropical soils the parent material of 
the soil is weathered and nutrient-poor, and hence these soils depend on the supply of organic matter 
to maintain fertility, which means that N will decrease with a drop in soil organic matter (Binkley & 
Fisher, 2013:8). Zaharah and Bah (1997) proved that green manure’s solubilizing effect on soil 
nutrients plays an important role in soil fertility; and Uyovbisere and Elemo (2002) furthermore found 
that decomposition of leaves is very fast due to their narrow C:N ratio where 50% of nutrients are 
released within a month in N-fixing species like Parkia and Acasia (see appendix 2), which might 
release more nutrients to the soil faster.  
The results of the meta-analysis show a tendency of N-fixing trees yielding 31% (0.45 t ha-1) more than 
‘non-N-fixing’ trees, and Amara et al. (1999) even found an increase on 38% when utilising N-fixing 
trees compared to non-fixing-trees. Das et al. (2010) showed in connection to this a significant 
concurrence between nutrient concentration (NPK) of rice grain and straw and the concentration of 
NPK in soil from various N-fixing trees, which increased yield. This may suggest that N is a limiting 
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factor and that the N-fixing properties of the trees are decisive for the yield of the interplanted crops 
(plantphysiol.org, 2013; Umrani & Jain, 2010). This also indicates that the choice of tree species is an 
important factor for the success of applying agroforestry. In this study 19 different tree species are 
represented, which suggests that many elements are at play when choosing tree species and that the 
choice of tree should be very site- and use-specific. The type of agroforestry and the tree species 
should be matched with the local environment, as the performance of trees are very much affected by 
local climatic conditions and soil properties (Schroth & Sinclair, 2003). Samsuzzaman et al. (1999) for 
example find that non-N-fixing trees (Cassia) have advantage over the N-fixing tree (Gliricidia) under 
acidic soil, which corresponds with the findings of Garrity and Mercado (1994). Szott (1987) also found 
that P and exchangeable cations (K, Ca, Mg) decrease over time in agroforestry systems with trees in 
the field on acidic soils. Because sufficient Ca base is necessary for the nodulation process (Munns, 
1978) N-fixing trees do not grow well in acid soils. 
It is however difficult to give direct indications on which trees are best suited in rice-agroforestry, 
however a number of studies have investigated this issue. In this study five of the included studies (29 
sub-studies) reported good results performed with the N-fixing tree Gliricidia spp. (Samsuzzaman et 
al., 1999; Evensen et al., 1995; Amara et al., 1996 Agus et al., 1999; MacLean et al., 2003). In Khybri et 
al. (1992) three different tree species were studied for their suppressing effects on rice yield. The study 
showed that the tree species with the largest suppressing effect on rice yield was also the species with 
the widest canopy (Khybri et al., 1992), which indicates that shade is a decisive property of 
agroforestry trees, see section 4.2.1 (Khybri et al., 1992; MacLean et al., 2003; Garrity et al.1993; Agus 
et al. 1998).  
Das et al. (2010) on the other hand found good results with the use of E. indica and showed that N 
improved by 14-19% and P by 62-83% in soil on the experiment of 3 year old trees placed outside field 
compared with control, and even surpassed the recommended NPK rate in the region (Das). Das el al. 
(2010) also tested other N-fixing tree species: Acasia auriculiformis, Alnus nepalensis, Parkia roxburghii 
and Cassia siamea. All together Das et al. (2010) find that E. indica is particularly well-suited to rice-
agroforestry in lowland rice production.  
Das et al. (2010) also found that incorporation of E. indica in rice-production increased N and P uptake 
by 93 and 128% compared to control, and 18 and 32% compared to recommended NPK rate, 
respectively, which explain the good yield results of Das et al. (2010). The same picture is drawn by 
Bellakki, Badanur (1993), Durgude, Patil (1997) and (Bhoite, 2005) who intercropped rice and wheat in 
an agroforestry system. 
The phosphorous results of this study revealed that the implementation of agroforestry in rice 
production increased P with 36-39% which is higher increase than both N (7.5%) and C (5%). The 
reason to the high P increase might be due to a very low initial level of P. Unlike N, P cannot be fixed 
from the air and the phosphorus pool of the soil cannot be improved, with exception of application of 
mineral/organic fertilizer. At the same time annual crops such as rice do not have roots that go down 
to the deeper soil layers. Agroforestry can here contribute to improve the phosphorous content of the 
top soil, as with the case of nitrogen, through uptake of weathered phosphorous from deep layers and 
distribute this to the top soil. This effect was clearly shown by our study, where phosphorous was 
significantly improved by agroforestry. The phosphorus from the deeper layers will however also be 
depleted at some point, if weathering of the elements cannot keep up with the pace of uptake by trees 
(Binkley & Fisher, 2013:145). Hence trees play an important role in the recycling of phosphorous, 
through SOM and storage in living biomass of the trees (resilience.org 2009; Binkley & Fisher, 
2013:54).  
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6.1.2 Sum up 
A number of researchers elaborate on how to maintain soil fertility in rice production and here one of 
the main factors is the establishment of vegetation, trees and mulching, which goes hand in hand with 
the practices of agroforestry. Hence it is clear that the predicted characteristics of agroforestry having 
an improved effect on soil fertility (FAO, 2013; World Agroforestry Center, 2013) seem to be proven by 
this analysis. The results show a clear tendency that the use of agroforestry improved the included 
measures on soil fertility. The main reason for the fertility improvement might be the increase in 
carbon stock by using agroforestry and hence the nutrient holding capacity of the soil, the nitrogen 
fixation of the trees and the dispersion of nutrients from deeper layers on the top soil in agroforestry 
systems. The effect might be larger in the long run. 
This method of abduction, where experienced events permits the understanding of underlying 
structures, is suitable when studying rice-agroforestry, since it is a complex system applied in a 
complex environment where the experienced results (C,N,P and yield ha-1) is determined by the 
structures of the environmental structures. By mapping these structures and mechanisms, this study 
will enable us to conclude on some of the structural and systemic prerequisites of agroforestry 
(Hansen & Simonsen, 2007:132). 
 
6.2 Rice-Agroforestry Systems  
The results of the meta-analysis revealed that the different rice-agroforestry systems have many 
different advantages and disadvantages according to the specific choice of system and location. The 
most significant difference between the rice-agroforestry systems, besides the predetermined soil 
properties and climatic conditions, is the placement of trees in the field or away from the field, which 
our results also enclosed. In this chapter the results (table5.8 and 5.9) on differences in yield between 
studies applying trees in the field and studies applying tree away from the field are analysed. 
The included data did not allow us to perform a meta-analysis on which agroforestry systems 
performed best in terms of yield, but a literature review permitted us to find the studies 
interconnected through similar systems and hence discover advantages and disadvantages in the 
different studies.  
Alley cropping is the system of utilizing rows of trees in the field, which MacLean (2003), Bhatt & Misra 
(2008) and Amara et al. (1996) applies. Hedgerow systems are systems where a line of trees is planted 
in close proximity to form a barrier or to mark a boundary of the field; hence in this type of system the 
trees are not in the middle of the field but on the edge. Khybri et al. (1992) and Evensen et al. (1995) 
investigated this type of agroforestry system. Agus et al. (1999) and Samsuzzaman et al. (1999) utilize 
contour hedgerow systems, which are established across hill sides to facilitate terrace formation, if 
excavations are not performed. The main difference between these different systems is the distance 
between the trees. The tree density (tree ha-1) is decisive for the tree crop ratio and for the effect on 
rice yield. In upland systems the main advantage of alley cropping and hedgerow systems is prevention 
of erosion and runoff and as mentioned the direct provision of organic material in the form of 
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decomposition of tree leaf litter, either with pruning or without pruning (Umrani & Jain, 2010; Pinho et 
al., 2012). The main disadvantages for simultaneous systems as these are the competition for light, 
water and nutrients between trees and rice crops planted between the alleys or hedgerows (Garrity et 
al., 1993; Agus et al., 1998), which are discussed in section 4. Also soil type plays a large role in the 
choice of agroforestry system. Samsuzzaman et al. (1999) applies trees in a hedgerow system on a 
strongly acidic sloping soil. In a review of hedgerow intercropping systems Kang et al. (1999) finds that 
hedgerow systems is most suitable in base-rich soil (Alfisols and Andosols), because of the better 
nutrient recycling from pruning biomass. The purpose of Samsuzzamans study is to find a solution to 
the problem of utilizing hedgerow systems on strongly acidic soils. Due to the point of departure in the 
study of Samsuzzaman et al. (1999) it is more difficult to implement a successful agroforestry system, 
than in for example Tomar et al. (2003), who are testing on lowland soils with trees away from the 
field, which are often more fertile. 
Green manure is the system tested by Das et al. (2003), Tomar et al. (2013) and Whitbread et al. 
(2003) where the trees are away from the field, but where leafs and twigs from the trees are applied 
on the rice field either by incorporation or by mulching. This system avoids competition between trees 
and rice. However there might be a greater work load attributed to transporting green manure. Tomar 
et al., (2013) applies a green manure system with tree away from the field in a lowland environment, 
and thus experience no competition between trees and none of the down sides of trees in field.  
 
6.2.1 Trees Away From Field compared to Trees in the Field 
The meta-analysis showed a tendency of improved yield in system where trees are planted in the field, 
0.13 t ha-1 (9%), compared to unfertilized control (table 5.8), whereas the systems with trees away 
from field (green manure) showed a significant increase of 14.3% (0.55 t ha-1), which indicate that 
trees away from field yield more than with trees on the field. These findings might however not be 
correlated since the studies of trees away from field both were lowland studies, and the studies of 
trees on the field all were upland studies. 
The empirical elements of this study will not be used to generalise a universal regularity, but to grasp 
some of the underlying structures which will also contribute to determine future actual events 
(Hansen & Simonsen, 2007:132). There are some very determining prerequisites when growing rice in 
the uplands, such as soil quality being heavily affected by erosion and runoff, shade and coolness on 
the hillside away from the sun and lower temperatures due to altitude. The upland practice of direct-
seeded systems are being favored in small-scale rice farming systems due to water savings and 
decreased labour requirements faster land preparation and sowing operations. It is however a 
problem to reduce weeds in direct-seeded systems, since there is no standing water to suppress weed 
germination and no seedling size advantage, as crop and weed seedlings emerge simultaneously 
(Chauhan, 2012).  
Only three studies were not performed on upland rice-agroforestry, see appendix 1. Drought is a large 
problem for rain-fed farmers, especially in the upland (Palmer, 2013). New hybrid rice varieties, as 
DRO1, have been developed to overcome drought problem since this plant have roots that go further 
down into the soil than conventional rice species. This facilitates an improved potential for the rice 
plant to obtain the needed nutrients in times of drought via accessing deeper layers of soil and results 
has shown a decrease of more the 50 % in rice yield (Uga et al., 2013). For rain-fed lowland rice the 
problems threatening here are often flooding and salinity which by plant breeders have been solved by 
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the development of Swarna Sub1 and IR56, which respectively have improved root systems to tolerate 
limited oxygen and light for up to 14 days, and is capable of successful growth in salinity soils (irri.org, 
2013b; integratedbreeding.net, 2013, Fredenburg, 2007; irri.org, 2013e).  
However the greater array of physical and biological constraints generally causes upland rice to 
perform lower yields than lowland rice production (Umrani & Jane, 2010:154). Flooded rice in lowland 
systems production requires the least labour intensive weed and pest control of the different small 
scale rice production methods (Ampong-Nyarko & Surajit, 1991), while land preparation during the dry 
season for upland rice suppress weeds the following season. This means that more working hours 
spend on management will often result in higher yields, due to improved soil quality and/or decreased 
pests and decease-initiated yield loss (MacLean et al., 2003). This also corresponds well with the 
research of Tiffen et al. (1994), who argues that more labour can result in better and more sustainable 
agricultural practices and that the demand for larger yields combined with plentiful labour, has the 
potential of developing sustainable agroforestry systems.  
However the difference in percentage increase of yield is not only explained by upland and lowland 
structures and the difference in yield measures are probably also found in the limiting factors when 
applying trees in field, meaning that certain constraint are attributed to the laws of interaction 
between rice crop and trees. There are two main limiting factors affecting rice yield with trees in field 
which do not affect rice yield with trees away from the field in our result (table 5.9): competition 
between trees and crops over space, light, nutrients and water due to close proximity, and the effect 
trees in fields have on weed, pests and deceases influencing rice yield (Garrity et al., 1993; Agus et al., 
1998).  
The profitability of a rice-agroforestry system is determined by how the structural constraint of 
competition is managed. One of the challenges in simultaneous systems is that trees take up land from 
the rice crop which inevitably decreases the rice crop yield, and is an inherent advantage of trees away 
from the field. These effects of competition are not further discussed.  
 
6.2.2 Light 
Rice growing in the shade of tree canopies is less capable of utilising nutrients due to the limited light 
(Garrity et al., 1993) and rice yield is reported to increase when the trees are pruned or coppiced 
(Pandey & Sharma, 2003). Systematic pruning of the above-ground vegetation is thus important when 
minimizing competition for light (Agus et al., 1999). 
Khybri et al. (1992) studies the effect of three non-N-fixing tree species (Grewia optiva, Morus alba 
and Eucalyptus hybrid) on rice crop yield and concludes that all three species have suppressing effects 
on yield. The effect was significant up to a distance of 5 meter from the trees, and it was found (not 
surprisingly) that pruning of the trees decreased the suppressing effect (Khybri et al., 1992). Bhatt and 
Misra (2008) found that the fruit trees, guava (Psidum guajava) and Assam Lemon (Citrus lemon), 
perform well in rice-agroforestry because these trees allow sufficient light to reach the ground 
between the canopies. Due to the two ‘light-trees’ the rice yield under these trees did not decrease in 
yield significantly. Bhatt and Misra (2008) also had the highest mean yield out of all the ‘trees-in-field 
studies’ (table 1). Rice is a monocotyledonous plant (light demanding plant) that can adapt to strong 
light intensity, thus a plant that thrives in sun and not in shade, unlike e.g. maize commonly grown in 
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agroforestry systems. Shade causes reduction in photosynthesis which will reduce dry weight of the 
plant and affect grain productivity negatively. The ability of rice to cope with shade depends on its 
ability to continue photosynthesis at light deficit conditions (Muhidin et al., 2013). Generally Chauhan 
(2013) found that C3 plants (as rice) in 50% shade, as compared to full sun will decreases by 60%, and 
with 75% shade yield generally will decrease with 96,5%, which make the point clear that rice needs 
light.  
Different rice varieties response differently to shade according to the characteristics of the specific 
variety, thus some plants are partially resistant to shade (Muhidin et al., 2013). Solar radiation affects 
the rice plant in three ways: effect on growth rate, effect on transpiration rate which results in water 
loss and at critical periods of growth, a high level of solar radiation can cause burning (Squire, 1993). 
C3 plants, as rice, are, as compared to C4 plants such as maize e.g., less able to convert solar energy 
into chemical energy edible by man. This means that rice’s radiation use efficiency is not very high, as 
compared to maize or other C4 plants, which means that plentiful sunlight is crucial to the usability 
and efficiency of rice as food crop. It has been suggested to transfer C4 maize genes into C3 rice, in 
order to save water and fertilizer. A C4 rice plant would probably yield the same as a C3 plant with 
decreased application of N fertilizer and half the transpirational water loss, caused by sun light (Sheeh 
et al., 2000; Ruthenberg, 1980:20).  
Shade in rice-agroforestry however also has the ability to affect rice growth positively through 
reduction of loss in soil moisture, retaining of nutrients, suppression of weeds, reduction of soil and 
plant temperature during the day, raising the night air temperature, reduce water runoff, reduce the 
decomposition of SOM into CO2 and enhanced humidity (Muhidin et al., 2013).  
 
6.2.3 Abiotic factors: Nutrients and Water 
Trees in field may also promote intense root competition with rice for nutrients and water (Agus et al., 
1999). The competition for nutrients and water mainly exists underground, but also in terms of rain 
falling on tree canopies instead of on the rice. Alley cropping using Leucaena leucocephala as 
hedgerow showed minimal above-ground competition compared to underground (Monteith et al. 
1991). As the trees age and grow the underground competition for water increases and the rice yield 
often decrease. Umrani and Jane (2010) present an example where underground competition for 
water decreased crop yield systematically in correlation with the age of the trees. The first year crop 
reduction was 17%, the fifth year it was 80%, keeping in mind that many trees grow rather fast in 
warmer climates (Umrani & Jane, 2010:154), which probably also has to do with shade according to 
section on shade. Hocking & Islam (1998) also presents the correlation between tree size and 
suppressing effects on rice yield, by showing that improvement of crop yield was proportionate with 
the intensity of root pruning, which is a method where roots close to the surface are cut with a spade 
close to the stem. Another option for avoiding root competition is to utilise trees with deep roots. The 
fruit trees guava (Psidum guajava) and Assam Lemon (Citrus lemon) have been found to perform well 
in rice-agroforestry because these trees did not compete for moisture and nutrients with rice as their 
roots went deeper into the soil, than the root systems of the rice plant (Bhatt & Misra, 2008). These 
problems of competition are entirely avoided in trees away from the field systems. The main factor is 
here to find trees without shallow rooting like guava and Assam Lemon which decreases the 
competition for nutrients and water in the surface layer (Garrity et al., 1993; Agus et al., 1998).  
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The competition for nutrients and water is present in simultaneous systems with trees in field, but as 
the trees and rice crops often have different root depths (Bhatt & Misra, 2008; MacLean et al., 2003), 
the problem of shade is often more urgent (Umrani & Jain, 2010; Pinho et al., 2012).  
 
6.2.4 Biotic Factors Depressing Yield: Pests, Diseases and Weed 
Trees in the field furthermore creates food and habitats for different pests, birds e.g. which can 
decrease rice yield. The issue of pests and decease in agroforestry systems is very complex and there 
are both advantages and disadvantages of trees in field (MacLean et al., 2003). Under rainfed 
conditions (which all of the studies are) farmers often removes trees due to increased bird damage, 
which indicates the problems of birds being severe (Khybri et al., 1992). Trees and crops often function 
as host for both pests and their natural enemies and there is a tendency that pest numbers increase 
when they find areas of uniformly accessible food. Intercropping therefore has the ability to limit pests 
compared with conventional farming. The correlation is that the fewer hosts, the greater pest 
depressing effect of intercropping (Trenbath, 1993).  
Light also affects insects, but opposite rice plants many insects thrive in shade. This means that 
agroforestry with sparse canopy systems and great penetration of sunlight keeps insect numbers 
down. Shade is reported to improve understory conditions for insects (Islam et al., 2006; Jaques, 
1983). In warm and moist conditions such as in part of the tropics and sub tropics, crop production is 
potentially effective, but under conditions, in which crops thrive, weeds will also flourish and weeds 
can easily become a yield-depressing factor (Ruthenberg, 1980:24).  
Mulch can reduce soil temperature, which is decisive for the survival of young larvae in many tropical 
regions, an advantage in both trees away from the field and trees in field. Hedgerows presenting 
windbreaks impede colonising white grub adults and functions as barriers for windborne pests and 
decease, only an advantage for trees in field (MacLean et al., 2003). Mulching suppress weeds by 
removing light and air from weed sprouts, which both trees in field and trees away from the field can 
benefit from. MacLean et al., (2003) presents an example of a reduction of 50% in dry weight weed 
biomass by mulching, and apparently incorporation of green manure has a lesser effect on weeds. The 
incorporation itself will disturb the root systems of the weeds and thus potentially reduce the 
outbreak of weeds, but if the weed rooting system survives the weeds will only benefit from the 
improved soil fertility caused by incorporation. In this way both mulching and incorporation can 
increase weed growth, as weeds just like rice plants, benefit from enrichment of soil.  
In direct-seeded systems it is a major problem to reduce weed problems, since there is no standing 
water to suppress weed germination and no seedling size advantage as crop and weed seedlings 
emerge simultaneously. Weed induced yield loss of about 1 t ha-1 or around 60% are reported at 
several occasions (Chauhan, 2012). The need for clearing, weeding and removal of secondary 
vegetation is labour intensive and the weeds can easily become a yield-depressing factor (Ruthenberg, 
1980:24). Weed management requires large resources when practicing agroforestry without 
herbicides. Weeds can have great negative effect on crop yield if not controlled properly and weed 
control is time consuming (Akinyemi, 2007:126). 
Many of the properties of rice production systems, which effect pests and deceases positively or 
negatively, are manipulated by agroforestry practices. Agroforestry systems affect parameters as 
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moist, temperature, light, amount and nature of biomass and thus enables or disables the spread and 
development of pests and deceases (MacLean et al., 2003). 
In rice production there has been an increase of using high-yielding rice, entailing a deduction in the 
number of the thousands of traditional varieties, which also meant a reduction in genetic diversity of 
rice (Khush 1997). So when some farmers started applying more fertilizer, used irrigation, short-
duration and photoperiod-insensitive plant and at the same time increased density of rice plants per 
unit area and crops throughout the year, this meant an increase in disease incidence and insect 
numbers. Therefore many rice varieties were developed with multiple resistances to: bacterial, blight, 
blast, grassy stunt, brown planthopper, green leafhopper and other pests, IR26 as the first variety 
(Khush 2001). These multi resistant varieties have as many as 20 different parents in their ancestry. 
However, resistant hybrid varieties do not continue their resistance endlessly, since they become 
vulnerable to new pests and deceases. On top of this, these new varieties might have hybridized with 
local variation which could cause problems of pests, diseases and weed which a small scale farmer in 
most cases do not have resources to overcome in terms of pesticides etc. (AfricanRice, 2010). 
 
6.2.5 Rice varieties  
Three of the included studies (Agus et al., 1999; Amara et al., Khybri et al. 1992 and Evensen et al., 
1995) did not state which rice variety they tested or they only stated Oryza sativa. With more than 400 
new rice varieties developed every year and the fact that there exist 140.000 different cultivated rice 
varieties (yielding very different) it is however important to discuss the opportunities for small scale 
farmers of choosing the right rice variety (Khush, 2001). It is not the aim to discuss different varieties 
performances in specific environments instead differences of the rice varieties are exemplified in order 
to make it clear that the choice of the right ‘rice-agroforestry-rice-variety’ might be very important 
yield-wise. The three above mentioned studies are all performed in the upland, which means that the 
rice variety in the included studies probably is of the variety japonica, adapted to tropical uplands, - 
this deduction can however not be established by the information available in the studies.  
Amara et al. (1996) do not state at all what rice species has been used in their experiment. It is 
however know that it is performed in Sierra Leone upland where Oryza glaberrima is commonly grown 
as a native rice species (Murray, 2005). This variety is known to be weed-competitive, adapted to low 
soil fertility and resistant to local biotic and abiotic stresses (Jones et al., 1997), which means that is it 
well adapted to upland soils and climatic conditions like drought, shade and depleted soils. On the 
other hand O. glaberrima has a low yield potential due to poor resistance to grain shattering and 
lodging after harvest (Dingkuhn et al., 1998). However O. glaberrima was found to yield better in low 
fertile soil (1.7 t ha-1) than in fertile soil (1.3 t ha-1) (Saito & Futakuchi, 2009). Native rice species grown 
in their native environment are often more robust in terms of pest and diseases in this setting than if 
the species were not grown in a native environment. Generally it can be stated that many native (not 
hybridized high yielding) rice varieties often do not yield as much due to the facts, that these varieties 
use energy on protection against pests and deceases (instead of on grains) and that they often are 
well-suited for low fertile soils (Elzebroek & Wind, 2008; Murray, 2005).  
For high yielding varieties poor soil fertility is often a problem. Many of these varieties often perform 
high yields in fertile soils whereas the performance in regions with low soil fertility is worse than what 
a low yielding variety can perform. High yielding varieties on the other hand are often modified to fit 
fertile soils with enough nutrients (due to inorganic fertilizing) and no pest and deceases (due to 
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pesticides and herbicides), thus giving high yields if fertilizer and pesticides are available (Saito & 
Futakuchi, 2009), which has not been the case in our yield results. The hybrid high yielding varieties 
might therefore not be a good choice for most rice-agroforestry systems, since these systems often 
have low soil fertility, and many of the high yielding varieties lack the specific properties adapted to 
the agroforestry locations. Glaberrima, which is adapted to tropical Africa, exemplifies this when 
utilised in rice-agroforestry systems due to the better performance in environments similar to the 
conditions of tropical Africa. The yield results of Amara et al. (1996), who might have used glaberrima) 
show that the mean difference in yield between non-fertilized control and non-fertilized rice-
agroforestry is quite larger than in other upland studies: 1 t ha-1 more in rice-agroforestry than in the 
control, though it is difficult to conclude how much effect the rice type has had on this study, and if at 
all O. glaberrima was used in the experiment of Amara et al. (1996), see table 5.5 on fertilized control 
and agroforestry.  
Many of the new improved high yielding rice varieties were earlier not available for poor small scale 
farmer due to structural problems in developing countries, such as poverty and availability (Khush, 
2001). This complication is however not elaborated on in this study due to limitations of this not 
developed for agroforestry, since there is no value in developing varieties for poor farmer. 
 
 
6.3 The Favorability of Rice-Agroforestry for small scale farmers 
The results of the meta-analysis revealed that the rice-agroforestry systems present a significantly 
higher yield compared to unfertilized control. Here it is also remarkably that all the included studies 
showed an increase in yield, ranging from 0.05 t ha-1 (Samsuzzaman et al., 1999) to 1.51 t ha-1 (Tomar 
et al., 2013). Even though the average yield improvement of 0.48 t ha-1 is not enormous, it is still an 
indicator of validity of agroforestry as a useful system for poor small scale rice farmers, since the yield 
improvement in average is 36% larger than without fertilizer.  
Offhand the results of the meta-analysis, showing an advantage of rice-agroforestry over control (table 
5.3) express the possibilities of utilising agroforestry as a way of helping poor farmers to increase their 
living standards (World Agroforestry Centre, 2013; FAO, 2013). In contrast to this result stands the fact 
that the controls with recommended fertilizer applied tended to show a higher yield improvement 
(28%) than the rice-agroforestry experiments without fertilizer. This means an average of 0.3 t ha-1 
higher yield with applied inorganic fertilizer compared to yield in a rice-agroforestry system. The very 
effective and precise application of inorganic fertilizer thus proves effective and shows the clear effect 
of nutrient availability on rice yield. The utilisation of fertilizer is however limited by availability for 
many small scale farmers (Agus et al., 1998; Tomar et al., 2012; Rajashekhara et al., 2008). 
Another interesting finding of this study is that fertilized control plots yields better than fertilized 
agroforestry plots. The meta-analysis shows that the yields are 20.6% higher. An experiment from Das 
et al. (2010) gives a net return in rice-agroforestry on 303$ ha-1 with the use of the tree E. indica, 
which is 78$ less ha-1 than with the recommended NPK rate, and here all costs and benefits are 
included. This means, according to Das et al. (2010), that a rice-agroforestry farmer will earn 25.7% 
less than if she were able use inorganic fertilizer in her production. These figures are however difficult 
to compare due to local differences.  
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This also indicates that agroforestry has the potential of improving the efficiency of utilizing inorganic 
fertilizer. The fertilizer results additionally indicate that when small scale farmer working towards 
increasing rice yield without increasing the area of agricultural land, application of inorganic fertilizer is 
an obvious method of choice, if inorganic fertilizer is available (Schroth & Sinclair, 2003). Inorganic 
fertilizer has the risk of nutrients being washed out and contaminating surrounding ecosystems. The 
problem of contamination of ecosystems does however not necessarily have a direct effect on the 
farmer who has applied the fertilizer (Umrani & Jain, 2010). If the maintenance of highly weathered 
soils require intensive inorganic fertilizer inputs, it can question both sustainability and resilience of 
the cropping system (Evensen et al., 1995), thus effective but possible harmful practices, such as 
application of inorganic fertilizer might be chosen over the long term benefit of applying agroforestry, 
as poor small scale farmers cannot deviate from the instant need for food crops. 
Only Amara et al. (1996) shows better results in rice-agroforestry (increase of 0.2 t ha-1) than in 
fertilized controls, which might be related to a number of factors as mentioned in chapter 2. However 
the most obvious cause for the inefficient use of fertilizer in Amara et al. (1996) is probably a low soil 
organic matter (SOM) content of the soil. If the soil is depleted for soil organic carbon, the use of 
inorganic fertilizer will be uneconomical. For this reason do soil properties from agroforestry practices 
probably make it more efficient than fertilizer in the case of Amara et al. (1996). In such cases the 
farmers must increase the amount of organic matter in order to be able to benefit from inorganic 
fertilizer, which show the applicability of agroforestry (MacLean et al., 2003).  
However the interactions by the endless number of structures, disables the possibility of pointing out 
the precise causalities, and what this study is left with, is a picture of the potential future events 
generated by the structures presented (Hansen & Simonsen, 2007:131; Inkpen, 2005:30ff). 
6.3.1 Opportunity Costs 
Even though a yield increase has been shown if the rice farmer has no inorganic fertilizer available, 
rice-agroforestry still has opportunity costs. The opportunity costs of land and labour is a pivotal 
element of the favourability of agroforestry. The relatively time consuming and labour intensive period 
of establishing agroforestry systems, could have been spend on: 1) producing food crops in a perhaps 
less effective or less sustainable conventional farming system, 2) other farm/off-farm activities such as 
sending children to school, 3) or the land area planted with trees could have been spend on food crops 
if possible (Schroth & Sinclair, 2003). These are costs which must be considered, when choosing rice 
production systems and it can be very determining for poverty stricken farmers, who have difficulties 
in creating any surplus or even sustain food security.  
Opportunity costs are closely related to the affordability of fertilizer (Schroth & Sinclair, 2003). The 
farmer has to consider the opportunity costs of fertilizer but also have to have access to fertilizer 
markets and funds. If having the available funds she must be able to afford buying the fertilizer, 
meaning that it must be worth using the funds on fertilizer. The affordability of the fertilizer depends 
on the input-output ratio. The number of kilograms of output (crop) required to buy a kilogram of 
fertilizer is decisive for the purchasing power of the farmer. If the yield under the recommended 
fertilizer application improves due to better management practices, it improves the affordability of 
buying fertilizer (Schroth & Sinclair, 2003). This means that if agroforestry practices are applied in 
fertilized fields and the yield improves, the affordability of the fertilizer increases and the farmer will 
either be able to buy more fertilizer or release funds for other purposes. Additionally it shows the 
important of fertile soils since improvements due to mineral fertilizer are reduced if the soil is infertile 
with low carbon and nutrients (Rajashekhara et al., 2008) .  
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6.3.2 Monetary and Non-monetary Benefits 
Direct financial benefits of implementing agroforestry practices occur due to tree products. Fuel wood, 
building material, fruits, medicinal plants and fodder are possible outputs of agroforestry systems, 
which might produce a profit (Schroth & Sinclair, 2003).  
Bhatt & Misra (2008) presents a cost-benefit analysis of intercropping rice and fruit trees, and they find 
that the incorporation of fruit trees proves beneficial, despite a decrease in the rice yield (caused by 
tree crop competition), because the fruits of the agroforestry trees can be sold at nearby markets at 
favorable prices (Bhatt & Misra, 2008). Cash generated from selling these products will benefit the 
household and products that are consumed by the household, represent the value of products that 
does not need to be bought. Khadka (2010) here found that small scale farmer in regions of Nepal and 
North India tended to plant fruit trees with no regard to the increasing carbon, but to the direct value 
the fruit trees in the field. As many as 20 tress out to 22 different tree varieties planted were fruit 
trees. The possibility of earning a profit on tree products is however constrained by higher levels of 
systems. The demand for tree products is a decisive pull factor when the farmer is deciding on 
whether or not to utilize agroforestry practices and which trees to utilize (Mertz et al., 2005). The 
socio-political level thus enables rice-agroforestry to be favorable in the case of Bhatt & Misra (2008) 
(Schroth & Sinclair, 2003; Inkpen, 2005).  
Agroforestry also has a number of non-monetary benefits which are important for the farmers’ overall 
perception of agroforestry. An example is that weed produce can be of used as fodder, medicinal 
plants, green manure or in some cases it can be utilized as surface cover, with the aim of reducing 
erosion and surface runoff (Akinyemi, 2007:126). Another benefit is that the microclimate in an 
agroforestry system is improved by shading and wind-braking effects provided by trees, which 
preserves moisture in the system and protects plants vulnerable to sun, wind and dehydration. By 
incorporating trees in a crop field a third systems of non-monetary benefits are achieved as rain-splash 
erosion, out washing of soil and wind erosion is also diminished, due to the physical properties of the 
trees. Trees and diversification of species also offers multiple habitats and hence improved 
biodiversity. However, according to the discussion on time-lag (section 2.2.3) is biodiversity not likely 
to be decisive when small scale farmers choose rice production practices as it has very long term an 
indirect effects on the famers (Puri & Panwar 2007; Pinho et al., 2012). These benefits increases the 
resistance, resilience and sustainability of resource-poor farmers and is therefore of high importance 
as non-monetary benefits. 
 
6.3.3 Labour  
The need for labour is very decisive for the favourability of a given production system for small scale 
farmers. The need for labour changes as management practices changes and thus any new 
management practice will be considered with regards to its labour intensity. Application of fertilizer, 
pesticides and herbicides requires labour, but decreases the need for time spent on mulching, 
incorporation and weeding (Ruthenberg, 1980:247).  
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When establishing agroforestry, there is an initial increase in labour intensity, which should however 
be offset over time due to the synergy effects of intercropping and as the systems stabilizes (Filius, 
1982; Boserup, 1965:23ff). A way of reducing the initial labour cost is to establish hedgerows over 
several years and thus spreading out the work load. But here Khadka (2010) found that the time spend 
pruning fast growing hedgerow trees would be summed up, it would take 30 people several day to cut 
these trees every year. Also mulching can be done without incorporation to decrease workload, but 
this might decrease the effect of the green manure application on soil fertility (MacLean et al., 2003). 
MacLean et al. (2003) estimates that family labour is sufficient to perform the necessary operations on 
a 1-3 ha farm, but the more labour available the better (MacLean et al., 2003; Tiffen et al., 1994). The 
workload is among other things determined by the placement of the trees and type of rice production, 
according to discussion in section 4.1. Inorganic fertilizer is often the least labour intensive fertilizer 
option. Because of its high nutrient concentration, large amounts of nutrients can be transported and 
applied quickly and easily (Ruthenberg, 1980:139).  
 
6.3.4 Knowledge 
In agroforestry systems complementarity between the components is crucial to its success. Avoiding 
competition between different crops and trees are therefore one of the important factors to take into 
account when choosing species. Plant competition can be avoided by not choosing plants with equal 
needs of resources, and here especially root depth of plants, shade, water flow and nutrient cycles 
must be considered. The development of a beneficial agroforestry system without too much 
competition between intercropped plants requires knowledge and experiences in order to succeed 
(section 4.1). 
Agroforestry requires testing and adaption periods, most likely longer than conventional farming, since 
agroforestry has a cycle of more than one rice crop rotation and it requires adaption of more than one 
crop, unlike mono cropping.  
The need for the farmer to have experience and complex knowledge on tree species and how their 
properties match the local environment, makes it even more difficult and risky for a farmer to take on 
a new practices (more on risk in section 6.7.1 Resistance and Resilience) (infonet-biovision.org a; 
Schroth & Sinclair, 2003; Trenbath, 1999). 
 
6.3.5 Time-lag 
One of the most decisive issues concerning the favourability of agroforestry is the time lag. When 
applying inorganic fertilizer, the improvement of the soil appears almost instantly. When applying 
agroforestry the soil improvements are likely to occur after a few years and slowly improve over time 
according to results of a tendency to improved carbon over time (table 5.12 and 5.13). However 
Schroth and Sinclair (2003) estimates that the enhancement of the soil resource base only occurs after 
six to ten years, and that even after six years the effect will still be low, which is also shown in the 
results, only an improvement of 5%, but however increasing over time. There is also a time lag 
combined with the costs of increased need for labour and capital in the start-up phase (Schroth and 
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Sinclair, 2003). Seeds or seedlings may have to be bought and labour besides what the household can 
provide may be needed (Schroth and Sinclair, 2003). In the start-up phase the farmers are also more 
economically vulnerable and as they often have short-term planning horizon possibilities, the time-lag 
diminishes the option of choosing to invest in agroforestry for poverty stricken small scale farmers 
(Mertz, 2005). It is also very difficult for a small scale farmer to remove resources from food or income 
generating activities, if she is only capable of producing a minimum of what is necessary for her and 
her family to survive (Schroth & Sinclair, 2003). This instant need for income often overshadows the 
long term effects of investments and whatever good or bad consequences the choices may have in the 
long term, does it not affect the present choice of management practice (Mertz et al., 2005).  
 
6.3.6 Risk Aversion, Resistance and Resilience 
The diversified agroforestry systems are complex and harder to manage, than conventional systems 
(Trenbath, 1999). Such production conditions cause production uncertainty and risk of crop failure. 
Small scale farmers with low income and small productions units are especially at risk, and must take 
action and respond by adapting their farming systems (Ruthenberg, 1980:26f).  
Climatic conditions such as heavy rain or wind, which puts the production at risk, also endangers 
stored crops and forces the farmer to spread the risk and ensure a constant supply of produce. 
Diversification of crops and utilisation of small areas for growing non-preferred crops are typical risk 
avoidance practices, which unfortunately decreases the efficiency of the farming systems by inhibiting 
specialization of production (Ruthenberg, 1980:26f). Environmental difficulties such as flooding and 
drought, and thus unreliable yields, decreases the farmers desire to utilise inorganic fertilizer or 
improved rice varieties, as the risk of losing the investment is too high. Thus, yields often remain low 
for rice farmers with no fertilizer (1–2½ t ha-1) and they remain trapped in poverty in many areas, due 
to the lack of development options (irri.org 2013, a). The flexibility of the systems therefore decreases 
and the ability to specialize diminishes. Hence it is not possible to use the practice which is most 
efficient for the specific local environment and resource availability. Specializing is thus not a 
possibility; that would be “putting all of her eggs in one basket” (Ruthenberg, 1980:29).  
The resistance and resilience of poor rural households are of utmost importance. The increased risk 
related with adopting new practices is therefore decisive and the risk-buffering capacity of the chosen 
rice production systems is determining for the choice of the farmer (Schroth & Sinclair, 2003). The 
gained experience and becoming more efficient will reduce uncertainties over time (Feder et al., 
1985). Therefore the difficulties of choosing the right trees, rice varieties and management practices 
are a limiting factor for the adoption rate of agroforestry and also a restraint in providing efficient 
extension services (Mercer, 2004).  
The resistance of agroforestry systems consists of control of surface water, protection of soil and 
keeping moist in the system, making it more resistant to drought. The utilization of diverse species 
makes the farmer less vulnerable to incidents. Loss of single crops or destruction of single plant species 
does not affect the entire production, which will be able to function at other levels, thus increasing the 
resilience of the farming system (FAO, 2013; World Agroforestry Center, 2013; Puri & Panwar, 2007). 
The above show how numerous parameters affect small scale farmers and have affected the results in 
the 10 included studies. The results from the meta-analysis have been used to put the advantages and 
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disadvantages, such as risks and costs, in perspective. However there is a long way from the conditions 
at research stations to small scale farmers and their resource availability. 
 
6.3.7 From Experimental Yield to Actual Yield for Small Scale Farmers 
This abductive way of practicing science is supported by the (experienced) difference between 
experimental farm yields and actual farm yields. The results in table 5.3 showed a mean on 2.029 t ha-
1 in rice-agroforestry and Bhatt & Misra (2008) found that rice-agroforestry could yield 3.587 t ha-1 in 
an experiment station. These yield results are however not always the same as for small scale rice-
agroforestry farmers. In the following the structures which permit the range of possible yields (events) 
for experiment stations, will be presented and it will be outlined how they diverge from the structures 
which permit the range of possible yields for small scale farmers.  
Thus a number of structures influence the actual 
yield the small scale farmer will experience, which 
cannot be predicted by looking at the experienced 
yields at experiment stations.  
Often the experienced yields in small scale farming 
systems are much lower than the potential yield of 
the specific rice species, and even under similar 
production systems the yield outcome is diverging 
(Tran, 2004). This is explained in the critical realism 
by viewing the world as consisting of open systems, 
where causalities affect each other and interact in 
ways which makes it possible for the same 
structures to result in diverging events and for 
different structures to result in the same events. 
This is also the reason according to critical realism 
that the complex world of agroforestry cannot be 
fully described through experiments conducted in 
closed systems, such as sealed off laboratory 
experiments (Hansen & Simonsen, 2007:132), 
which were excluded. This abductive way of 
practicing science is supported by the difference 
between experimental farm yields and actual farm 
yields. These structures are for example structures 
which are not transferable, as for example 
environmental conditions like climate/weather, 
water, pests, weeds and soil quality. These are 
determining biophysical structures, why the structures determining the actual yield for the farmer, are 
difficult to replicate in a research station. From investigating the included studies it was clear that each 
study had particular biotic and abiotic factors that resulted in the experienced rice yield, why rice-
agroforestry farmer with different biotic and abiotic factors will not experience the same yield. 
Figur 2 Depiction of the levels of yield structures 
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Apart from this and what has been discussed on management practices also the potential farm yield 
diverges from the actual farm yield. Here the socio-economic situation of the rice farmer including: the 
family structure the household –income, -expenses and -investment will also be reflected in the actual 
yield of a small scale farmer implementing rice-agroforestry (Filius, 1982; Boserup, 1965:23-27).  
Another structure that affects the actual rice yield, which we are not investigating in this study is the 
institutional level, where government policies, rice prices, and other institutional factors like: credit 
availability, input supply the specific country, land tenure, research, development, extension and 
market challenges (for example poor infrastructure). Inadequate storage technologies, inefficient 
supply chains and rice farmers inability to bring the output into retail markets which are dominated by 
small shopkeepers, are factors causing significant post-harvest losses for rice farmers. A FAO-World 
Bank study claims that up to 26% of rice is lost in developing countries every year because of this; 
some studies even claim up to 40% losses caused by this factor (IFAD, 2011). For rice-agroforestry 
farmers the problem could here consist of the problem of selling the new tree species and rice species 
which the new agricultural systems give. It also might be that the rice farmer cannot get the right agro-
forestry trees or rice seeds, which are good for rice-agroforestry at the market, because they do not 
exist due to market failures (Lillesø, 2007). The last structure within this category is also institutional 
and has to do with technology transfer and linkages in terms of the competence and facilities of 
extension staff, knowledge and skills of the farmer and farmers attitude towards new technology 
(Tran: 2004). For rice-agroforestry farmer it might be that the practice of rice-agroforestry are not well 
taught to the actual farmers, or that what is being taught does not fit with the circumstances of the 
particular area. For example if the rice-agroforestry practise is being taught too general and non-native 
trees or rice species are being introduced it might cause to pests and diseases that the farmer do not 
have ways to manage (Lillesø, 2007).   
The last structure of yield gaps is the theoretical. This yield relies on theoretical structures, which as 
mentioned cannot predict actual yields (Inkpen, 2005:30; Ruthenberg, 1980:2). For example the 
researcher might investigate systems of rice varieties, which would collide with unpredictable factors 
and structures in reality, making a potentially productive rice variety perform poorly when actually 
applied in an rice-agroforestry system (Hansen & Simonsen, 2007: 130ff; Tran, 2004). In this way the 
actual event, the rice yield, cannot be predicted, due to the complexity of the structures constituting 
the world in which the rice exists. 
 
6.4 Discussion on the use of a meta-analysis to investigate yield in rice-
agroforestry 
The meta-analysis as method has proven its validity when it comes to investigating yield in rice-
agroforestry, and generally meta-analysis are well accepted, even though there is still some scepticism 
on the use of meta-analysis. Two of the most significant critics of meta-analysis Eysenck (1978) and 
Feinstein (1995) even name the performance of meta-analysis an exercise in mega-silliness, and 
compare it with statistic alchemy of the 21th Century, respectively. Concrete issues that are put 
forward on meta-analyses are (in chronological order of the meta-analytical process): publications 
bias, inclusion of poorly made studies, failures to include important studies, difficulties in performing 
meta-analysis, use of pooled variance, between study heterogeneity (comparing of studies too 
different from each other), small-study effects (if smaller studies show greater effects than larger 
71 
studies) and the fact that some researchers find it problematic to conclude on a research area with just 
one concluding number (Peter et al., 2006; Egger et al., 2000; Casse and Milhøj 2013).  
The strength of a meta-analysis is however that data from one study can be assessed formally and 
helps give a general picture of the studied area, even though it may be difficult to get an overview of 
all the different variances in the different studies (Sanchez & Marin-Martinze, 2011). The following 
part will discuss this matter of the study.  
 
6.4.1 Searching for literature  
The systematic search made it possible to sum up all available studies in the field. But a point of 
criticism in the literature search is still that important studies might be ignored by mistakes of the 
researchers; but again the counter argument is that this is also possible in ordinary narrative studies 
(Sanchez & Marin-Martinze, 2011). In this study all effort has been made (in terms of literature search 
and contacting key figures in the area) to gather all useful information by both researchers. This 
problem has been specifically addressed by contacting network and performing formal searches in the 
scientific databases, to find as many studies as possible, meaning that all possible studies are included 
in this meta-study. Though it cannot be assured that all informal literature is gathered, since we are 
not working practically in this field.  
In the search of studies to include there might have appeared challenges that we did not discover even 
though the search was made very carefully and by two meta-analysts as prescribed by Sanchez and 
Marin-Martinze (2011). The question of the outreach of the investigation is here of concern. How are 
biased sample of studies avoided, how is it ensured that all relevant studies are included? The problem 
of biased sampling is often caused by the fact that studies producing results that show very little or no 
effect receives less attention and is less likely to be published (Borenstein et al., 2009). The most 
problematic is “The file drawer problem”, which refers to negative null-hypotheses is more likely not 
published than if the result of a given experiment is positive (Borenstein et al., 2009). This issue is paid 
a lot of attention because a meta-analysis in most cases is put forward as providing a more accurate 
appraisal of a research literature than is provided by traditional reviews (Egger et al. 2000; Begg & 
Berlin, 1988). Egger et al. (2000) even sees publication bias as the largest challenges to the meta-
analyst. The fact that this study actually includes negative null-hypotheses-study (Samzzamann et al. 
2006) and insignificant results (Agus et al., 1999; MacLean et al., 2003) indicated that this might not be 
such a big problem in our case. A publication bias that might occur is that fact that researchers are 
‘forced’ to research on topics where funding is given, which means that if there are no economical 
profit of studying a specific topic (for example that Agroforestry in rice production is not beneficial for 
small scale farmers), then there will be fewer publications on this matter, which would bias our 
research. Moreover, the risk of publication bias might be present and a meta-analysis should according 
to Lohueller et al. (2003) be considered an alternative and not a substitution for a well-designed initial 
association study. Because of the few studies included in this study, it would therefore also be 
preferable to conduct an experiment to compare with the found results. But more important: larger 
attention must be paid to the search of informal studies which may contain relevant but unpublished 
data, which could have been done by contacting a larger portion of experts in the area (DeCoster, 
2004). In this thesis this was however not manageable due to the short amount of time available.  
Another issue that we did not regard in the first place is on the matter of the authors’ purpose of their 
study, i.e the different grounds on which authors have made their studies, which Sanchez and Marin-
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Martinze (2011) find important. This was in the first place not regarded as important in this study. 
However later research found that the research’s background could play a vital role. Since most of the 
included studies are written by researchers in the agricultural field and not so many from the 
silvicultural field, might be the reason to the fact that the included studies are performed with short 
rotation intervals, i.e. they use the crop rotation of rice (one to three) instead of the rotation of trees 
on 15-200 years. Since agroforestry has been scientifically investigated since the 1960’s, it would have 
been beneficial if research had also been performed on long term thee-rotation and not only on the 
rice rotation of a few seasons, which would give a more comprehensive picture of actual benefits of 
rice-agroforestry for the small hold farmer (Samzussaman et al. 1999). 
Casse and Milhøj (2013) reviews the effects of forest conversion and found that data available did not 
allow for a general comparison through a meta-analysis, due to differencing measurement techniques 
and diverging system definitions. In our study, the measurement technique however did not vary (t ha-
1) or gave calculation problems, and hence this problem is not an issue here. In the soil studies some 
variations was found in the measuring method of nitrogen and phosphorous. The papers however 
reported enough information to recalculate this into the relevant units. With regard to the definition 
of agroforestry there was some divergence in our study, mainly with regards to trees on the site and 
trees not on the site, this was however elaborated on, by further division of data into agroforestry 
subgroups each having an effect size. The same was valid for the soil studies. It is clear that when 
diverging system definitions occur, care must be taken to separate effects in all obtainable comparable 
subgroups, and discussion of results are clearly important due to variation (see section 5.2 on 
subdivision of studies).  
Sánchez and Martin-Martinze (2011) find that two studies are enough to perform a meta-analysis, but 
still a higher statistical power will be given in the I2 and Chi2 tests of heterogeneity if more studies are 
included. In this study there have at least for some of the subgroups subject to study been a small 
number of studies included and hence the power of the chi2 and I2 tests is somewhat limited, 
especially in the case of the study of tress in the field or outside the field rice yield, the incorporation 
of variation in the random model gave odd results and the fixed effect model was used even in the 
case of a high of heterogeneity included in this analysis. This study however still shows that rice-
agroforestry might have some relevance towards improving small farmer yield, economics and soil 
fertility.  
Sanchez and Martin-Martinze (2011) find that if there are not enough studies the authors might have 
to change focus on the variables, since a valid study cannot be accomplished if there are not enough 
studies. In our case we change focus on the variables. After identification of the nine yield studies it 
was decided to also incorporate soil fertility since some of the included yield studies also had these 
variables included. This gave more comprehensive results, and we can now present relevant significant 
results on both yield and on soil fertility, - on soil both in the short and in the long term, which tell us 
that yield in rice-agroforestry may increase more over time due to the increasing soil carbon stock in 
the implication of this. The direct effect of this cannot be quantified by this study, however it points 
towards the need of longer time periods of study before the full effect of AF is captured. The focus on 
N, P, C, fertilizer and N-fixing trees in the meta-analysis with the intention of concluding on the rice 
yield effect from agroforestry also meant limitation of a large range of other factors. The exclusion of 
these other factors was however what was dictated by the data available.  
 
6.4.2 Data Extraction 
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Another criticism meta-analysis meet is what is called ‘garbage in - garbage out’, which refers to the 
quality of the included studies (Appendix 1). It is very difficult to know how much effort is put in each 
of the studies and to find the poorly designed studies, which might end up being given the same 
weight as a perfectly performed experiment (Dallal, 2013). Since a meta-analysis is not able of 
conjuring up new and better results than what is found in the included studies, poorly included data 
will turn out poor meta-analytical results (Littell 2008). In this study we have been very careful with 
this matter, and we actually found that Tomar et al. (2013) and Das et al. (2010) (two studies done on 
the same site but in different periods) reported the exact same rice grain production numbers in all 
treatments, however Das et al. (2010), reported that these numbers occurred in the period 2003-2005, 
where Tomar et al. (2013) reported the same production numbers in the period 2008-2010; the two 
studies however reported different soil results for two time periods. This meant that we did not use 
rice yield from both studies, since they would have given biased result, favouring the results found in 
these papers.  
In Samzzusaman et al. (1999), the result on soil carbon was completely opposite to all other results 
included in this study, however a further look into Samzzusaman et al. (1999) revealed that this result 
was only due to the fact that one out of the three controls reported in Samzzusaman et al. (1999) had 
a significantly higher values of soil carbon and in contrast to the other controls reported and it was 
increasing over time. The exact reason for this is hard to determine, however higher soil carbon values 
might be caused by stagnant water or unmeasured sources of carbon, such as nearby trees in the high 
value control plot and the study might be more accurate excluding the control plot which was acting 
strange. The same pattern as for soil carbon was true for all other analysed soil nutrient in 
Samzzusaman et al. (1999), indicating that it might not be a direct error done by the author, but 
merely a poor selection of control area. We could however not exclude this control in our study, 
because we could not find the exact reason for the strange performing control and the result is 
published in a scientific paper and hence the control had to remain in our analysis. 
 
6.4.3 The statistical part of the meta-analysis 
Critique has also been on the pooled standard deviations (Sp), since these Sp are made on the basis of 
other similar studies and the real variation of the study is not cached by the pooled variance method, 
but merely weighted average standard deviation of similar studies. In this case studies with an actual 
small variation will have an overestimated standard error using pooled variance and studies with large 
actual variation an underestimated standard deviation and the studies would be given wrong weights 
in the meta-analysis and bias may be caused by this. Excluding the study might give rise to larger bias, 
than the inclusion of studies where pooled standard variation is used (DeCoster, 2004). In our study 
the pooled variance is only used on the controls in Amara et al. (1999) and Whitbread et al. (2003), 
making the possible induced bias from this a marginal matter, since many similar studies were used to 
make pooled SD for only few subgroups. Additionally it will give a larger bias by excluding studies 
without SD than by estimating the pooled SD (Furukawa et al. 2006). 
A common critique on the performance of meta-analyses is that it is poorly conducted because this 
analytical method is relatively difficult (Bailar, 1997; Dallal, 2013). Among others Borenstein et al. 
(2009) reply that it would be far more problematic not to conduct a meta-analysis and continue by 
stating that all the steps in a meta-analysis are transparent, like in this study. In addition Borenstein et 
al. (2009) state that there are also mistakes in ordinary literature studies and that many mistakes in a 
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meta-analysis will emerge just as much in a literature study, but in a literature study these mistakes 
will not be as visible as in a transparent as in a meta-analysis, due to the transparent steps.  
Our results describe ten different studies covering 54 different experiments. Hence the diversification 
of the studies is clear: To the 54 different attendant experiments belongs ten different locations in five 
different regions and attendant abiotic (annual rainfall, temperature, humidity, wind, altitude (lowland 
or upland) and soil properties) and biotic factors. Additionally the studies applied several different 
types of agroforestry different amounts of both organic and inorganic fertilizer and different types of 
inorganic fertilizer. This diversity demanded some theoretical considerations in the performance of the 
meta-analysis, but was not a problem since the very specific criteria and the subdivision made it 
relatively “simple” to conduct a valid meta-analysis. The critique of mixing of oranges and apples refers 
to researchers combining different studies in the same analysis, and critics argue that the summary 
effect will ignore possible important differences across studies (Rothenberg, 2009; Egger & Smith 
1998; Lau et al. 2006; Bailar, 1997). In our study this is the case in the raw analysis (table 1 in results), 
where both fertilized and unfertilized results was pooled in the same analysis. This was however 
further dealt in this study due to the generation of very specific criteria and division into relevant 
subgroups (Higgins & Green, 2011).  
One of the strengths of a meta-analysis is that the Chi2 and I2 test will actually discover heterogeneity 
in variance and indicate where a random effect model must be used. Using the random effect model 
makes it more difficult to gain a significant result, and thus makes our conclusion more statistically 
consistent because of the incorporated between study variations (heterogeneity) included a random 
effect model (Sánchez & Martinze, 2010).  
 
6.4.4 Results 
Bailar (1997) points out that any attempt to reduce results to a single value, with confidence bounds, is 
likely to lead to conclusions that are wrong, perhaps seriously so. But this is where some gets confused 
with the meta-analysis. The point of departure in the present meta-analysis is to discuss the results 
comprehensively and give a picture of effect of applying agroforestry and in this way sum up the 
research area of rice grain yield and soil fertility in agroforestry; - not by one number, but with a 
discussion giving overview, which has been done carefully in this study. Also it is worth mentioning 
that the test for heterogeneity actually does give significant results, but of cause the numbers in the 
result-chapter should always be used carefully and discussed thoroughly.  
Goodman (1991) is more positive than Bailar (1997) and concludes that the best meta-analyses tie 
together technical knowledge within the area with quantitative results in a way that enhances both, 
and here the meta-analysis should combine the careful thought and synthesis of a good review with 
the scientific rigor of a good experiment, which has been the intention throughout this study.  
  
75 
 
7. Perspective 
For further studies it will be beneficial to do long term studies in order to assess the full set of benefits 
and downsides of the different agroforestry systems, when these systems mature. A timeframe of 
fifteen-twenty years (Pandey and Sharma, 2003) would be preferable.  
Furthermore it would be beneficial to compare rice-agroforestry with other alternative organic rice 
cultivation practices. An obvious system to compare with is The System of Rice Intensification (SRI). SRI 
was developed in the 1990’s as an alternative method with improved technologies in order to grow 
more rice on limited land and with less water, labour and pesticides (Tran, 2004). In 2010 the 
worldwide average yield for rice was 4.3 t ha-1, with Australia as the most productive country 
averaging 10.8 t rice ha-1 (Yuan, 2010). The record in 2010 was made by The China National Hybrid Rice 
Research and Development Centre who produced 19 t ha-1. In 2013, this record was exceeded by an 
Indian farmer with 22.4 t ha-1. Both these farmers use the System of Rice Intensification (SRI).  
SRI is a “climate-smart, agro-ecological methodology for increasing the productivity of rice”, where the 
management of plants, soil, water and nutrients have been changed. By using SRI methodology rice 
plants seedlings are transplanted very young, about 10 days old to the rice fields, compared to the 
traditional way of 30 days. The young plants are carefully and quickly transplanted to ensure 
protection of roots and minimizing transplanting shock and reduce the recovery time seedlings need 
after transplanting. Only one plant is transplanted pr. hill instead of 3-4 together in order to avoid root 
competition, which decreases the use of seeds by 80-90%. Also the rice plants are transplanted widely 
spaced to encourage greater root and canopy growth of the rice plant (sri.edu, 2013b; theguardian.uk, 
2013; indiatoday.in, 2013). Another central principle of SRI according to Conell University is that the 
rice field soils should be kept moist instead of continuously saturated, which will minimize anaerobic 
conditions, since this will improve root growth of the rice and additionally support the growth and 
diversity of aerobic soil organisms (sri.edu, 2013b). This also reducing crowding and competition of 
weeds and it optimize soil and water conditions and leading to larger and deeper root systems 
eventually giving a larger yield of up to 68% more than in the  conventional system, and at the same 
time uses 25-50% less water, as the field is not continuously flooded. All in all this leads to less cost per 
hectare, as there is less need for purchased seeds, synthetic fertilizers, herbicides or pesticides, and in 
some countries less labour is required (Stoop et al., 2002; Africare et el., 2010). 
A comparison, including conventional farming, agroforestry and SRI would give a broader perspective 
on how to enhance rice production for small scale farmers and go further into the circumstances of 
which rice production system would benefit the small scale farmers most.  
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8. Conclusion 
The objective of this study was to perform a meta-analysis on how agroforestry practices affect rice 
yield and the soil parameters carbon, nitrogen and phosphorous and to answer the question under 
what circumstances is it favourable for small scale rice farmers to adopt agroforestry practices? 
The analysis generally reflected the heterogeneity of the ten included studies. However the meta-
analysis also provided statistically sound results, where bias was minimized as much as possible. The 
first part of the analysis had the aim of assessing the effect of rice-agroforestry on rice yield.  
The results from the meta-analysis showed a significant result that that unfertilized agroforestry 
systems on average are producing 36% (0.48 t ha-1) more than the unfertilized controls. Indicating that 
agroforestry had a positive effect, if no fertilizer were applied. Fertilized control produced on average 
28% (0.3 t ha-1) and 20.6% (0.3 t ha-1) more than unfertilized and fertilized agroforestry, showing that 
agroforestry cannot compete with well fertilized conventional farming practices. Furthermore is was 
shown that using trees away from field (lowland), will give a production increase of 14.3% (0.55 t ha-1), 
and a tendency that using trees in the field (upland) will only give an increase of 9% (0.13 t ha-1) as 
compared to the respective unfertilized controls. There was a tendency that agroforestry with N-fixing 
trees yielded 30.8% (0.45 t ha-1) more than agroforestry with non N-fixing trees, indicating that yield is 
dependent on the type of tree been used.  
Generally there seems to be a direct rice yield benefit from using agroforestry, however care should be 
taken, especially in upland rice agroforestry systems, where trees are on the site competing with rice 
crop. Our analysis indicates that n-fixing trees are preferable and other of the discussed studies, 
indicated that trees with a light canopy and vertical root growth is preferable. For rice the picture is 
very divers, however it is clear that shade tolerant rice are preferable in rice-agroforestry systems. In 
upland systems adaption to drought and nutrient deficit are favourable, and for lowland tolerance to 
flooding and salinity is preferable. Native rice varieties might also be preferred in rice-agroforestry 
systems.  
The other purpose of the meta-analysis was to investigate the effect of rice-agroforestry on soil 
fertility as an indication of long term production possibilities. We found a significant result that 
agroforestry improve the soil nitrogen and phosphorous stock by on 7.4% (18.40 kg ha-1) and 36-39% 
(2.85-3.09 kg ha-1) respectively. Furthermore an increase in the carbon stock on 5% was found. 
However an important finding was that the soil carbon stock in agroforestry increased over time giving 
rise to the question whether the included studies clarify all benefits regarding agroforestry, since most 
studies only consider the first five years after tree establishment in the field and not the full tree 
rotation. The short rotations indicate the lack of collaboration between forest and agricultural science, 
which in this case may be beneficial.  
The meta-analysis conclusively point towards that it would be favourable for the small scale farmer 
(having no mineral fertilizer), to adopt agroforestry within rice production, both yield and soil fertility 
wise.  
The local climatic and socio-economic conditions are determining for the success of rice-agroforestry 
systems. Fertilizer has some advantages over agroforestry, such as instant soil improvement, but must 
be affordable and is also dependent on soil properties, especially availability of SOM. Fertilizer is might 
be expensive and has the disadvantage of not improving the soil fertility in the long run, if not 
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continuously applied, and thus not improving the sustainability of the rice production system for the 
small scale farmer.  
The labour intensity is likely to increase when applying agroforestry, especially in the introduction 
phase, but also due to weed and pruning in the long run. The agroforestry system is therefore only 
favourable if sufficient labour is available. Knowledge on appropriate agroforestry practices and local 
conditions is needed in order to make good performing agroforestry systems. Many of the advantages, 
such as resistance and resilience, of agroforestry only apply after a couple of years and the 
improvement in soil fertility is likely to reach its fullest after many years. There must be resources 
available in the initial phase of implementing agroforestry, in order to obtain the long term benefits. 
Small scale farmers have production objectives, which determine what resources are allocated for 
what, and the farmers must manoeuvre within social, political, economic and environmental 
structures, which are determining for the farmers possibilities of manipulating the above parameters.  
The concluding remarks are that it will be favourable for the small scale farmer to adapt to 
agroforestry in the long run, however only under the circumstances that no fertilizer can be acquired, 
sufficient amounts of labour is available, the knowledge level of agroforestry is adequate and there is 
resources for the implementation phase. The results must however be seen in the light of the fact that 
our results are based on experiment fields, which does not resemble the conditions of many small 
scale farmer.  
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Appendix 1 - Overview of the ten included studies  
 
 
Study 
reference 
Agus et al., 1999 Amara et al, 1996 Bhatt & Misra, 2008 Das et al., 2010 Evensen et al., 1995 
Map of 
locations 
 
 
   
 
 
Location The Philippines, 
Mindanao,  
(8°38,9 N, 124°55,9 
E) 
Sierra Leone, Njala Northeast India, 
Meghalaya, (25°30N, 
91°51E) 
Northeast India, 
Meghalaya, (25°30N, 
91°51E) 
Indonesia, West 
Sumatra village of 
Sitiung Vc 
Field 
properties 
Upland, 22 to 30% 
slope 
Upland Upland Lowland Upland 
Soil 
properties 
Sloping, acid, 
infertile, Oxisols  
Gravelly well-drained 
clay loam ultisols 
Clay loam to sandy clay 
loam 
Sandy clay loam Clay, acid, infertile 
Agricultur
al practice 
(AF) 
Contour hedgerow, 
pruned  
Alley cropping, 
hedgerows, pruned 
 
Alley cropping 
 
Green manure 
 
Alley cropping, 
hedgerow, pruned 
 
 
Placement 
of trees 
In field In field In field Away from field In field 
Climate 
zone 
Humid tropics Tropical, hot and 
humid 
Humid subtropical Subtropical  
(Notice this study 
has chosen a 
different climate 
category than Bhatt 
& Misra, 2008) 
Tropical 
Average 
Annual 
rainfall 
mm 
Compact site: 1880 / 
Cabacunga site: 1200 
2600 2320 Year one: 1995 
Year two: 2277 
year three: 1190  
Surface irrigated 
2600 
Temperatu
re 
N.A. N.A. N.A. Min: 12–21°C  
Max 23–28°C 
Mean annual 26°C 
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Study 
reference 
6. Khybri et al., 
1992 
7. MacLean et al., 
2003 
8. Samsuzzaman et 
al., 1999 
9. Tomar et al., 2013 10. Whitbread et al., 
2003  
Map of 
locations 
   
 
 
 
 
 
Location India, Dehradun 
valley (30°20,5'N, 
77°52,2'E) 
The Philippines, 
Mindanao,  
(8°38,9 N, 
124°55,9 E) 
The Philippines, 
Cavinti (14°17’N, 
121°30E)  
Northeast India, 
Meghalaya, (25°30N, 
91°51E) 
Northeast Thailand 
Field 
properties 
Upland Upland Upland, 8-30% 
slope 
Lowland Lowland 
Soil 
properties 
Dhulkot silty clay 
loam soil 
Ultic Haplorthox 
and Oxic 
Dystropepts, 
highly eroded, 
low organic 
matter, acid 
Strongly acidic (pH 
4.5) clay Orthoxic 
Palehumult 
Sandy clay loam Infertile acid sandy 
soil (Aeric Paleaquult) 
Agricultural 
practice 
(AF) 
Hedgerows, 
pruned 
 
Alley Cropping  Contour hedgerow, 
prunings 
Green manure Green manure 
Placement 
of trees 
In field In field In field Away from field Away from field 
Climate 
zone 
Humid 
subtropical 
Humid tropics Humid tropics Subtropical Tropical 
Average 
Annual 
rainfall 
(mm) 
1660 2200  
 
2522 Year one: 1987 
Year two: 2277 
Year three: 1190 
Surface irrigated 
1583 
Temperatur
e 
Mean max: 37°C 
(May and June) 
Mean min: 4°C 
(December and 
January) 
N.A. N.A Mean min: 12–21°C  
Mean max 23–28°C 
Daytime temperatures 
during the wet season 
generally exceed 30°C 
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Appendix 2 – Specified overview of sub-experiments in 
included studies 
No. Study reference n Country 
Agroforestry 
method 
Tree species N-fixing 
Age of 
trees 
Environment 
Fertilized 
(N) 
Rice variety 
1 Agus et al., 1999 4 Philippines Contour hedgerow Gliricidia sepium Yes 3-5 Upland 0 Oryza sativa L. 
2 Agus et al., 1999 4 Philippines Contour hedgerow Gliricidia 
sepium+grass 
Yes 3-5 Upland 0 Oryza sativa L. 
3 Agus et al., 1999 4 Philippines Contour hedgerow Gliricidia 
sepium+grass 
Yes 3-5 Upland 0 Oryza sativa L. 
4 Agus et al., 1999 4 Philippines Contour hedgerow Gliricidia sepium Yes 3-5 Upland 60 Oryza sativa L. 
5 Agus et al., 1999 4 Philippines Contour hedgerow Gliricidia 
sepium+grass 
Yes 3-5 Upland 60 Oryza sativa L. 
6 Agus et al., 1999 4 Philippines Contour hedgerow Gliricidia 
sepium+grass 
Yes 3-5 Upland 60 Oryza sativa L. 
7 Amara et al., 1996 1 Sierra 
Leone 
Alley Cropping Gliricidia sepium Yes 3 Upland 0 n.a. 
8 Amara et al., 1996 1 Sierra 
Leone 
Alley Cropping Senna siamea Yes 3 Upland 0 n.a. 
9 Amara et al., 1996 1 Sierra 
Leone 
Alley Cropping Gmelina arborea No 3 Upland 0 n.a. 
10 Amara et al., 1996 1 Sierra 
Leone 
Alley Cropping Gliricidia sepium Yes 3 Upland 80 n.a. 
11 Amara et al., 1996 1 Sierra 
Leone 
Alley Cropping Senna siamea Yes 3 Upland 80 n.a. 
12 Amara et al., 1996 1 Sierra 
Leone 
Alley Cropping Gmelina arborea No 3 Upland 80 n.a. 
13 Bhatt & Misra, 2008 3 India Alley Cropping Psidium guajava No 3-5 Upland 60 RCPL-1-24 
14 Bhatt & Misra, 2008 3 India Alley Cropping Psidium guajava No 3-5 Upland 60 RCPL-1-25 
15 Bhatt & Misra, 2008 3 India Alley Cropping Psidium guajava No 3-5 Upland 60 RCPL-1-29 
16 Bhatt & Misra, 2008 3 India Alley Cropping Assam lemon No 3-5 Upland 60 RCPL-1-24 
17 Bhatt & Misra, 2008 3 India Alley Cropping Assam lemon No 3-5 Upland 60 RCPL-1-25 
18 Bhatt & Misra, 2008 3 India Alley Cropping Assam lemon No 3-5 Upland 60 RCPL-1-29 
19 Evensen et al., 1995 4 Indonesia Alley Cropping 
(Hedgerow) 
Paraserianthes 
falcataria 
Yes 2-7 Upland 0 Oryza sativa L. 
20 Evensen et al. 1995 4 Indonesia Alley Cropping 
(Hedgerow) 
Calliandra 
calothyrsus 
Yes 2-7 Upland 0 Oryza sativa L. 
21 Evensen et al., 1995 4 Indonesia Alley Cropping 
(Hedgerow) 
Gliricidia sepium Yes 2-7 Upland 0 Oryza sativa L. 
22 Evensen et al., 1995 4 Indonesia Alley Cropping 
(Hedgerow) 
Paraserianthes 
falcataria 
Yes 2-7 Upland 0 + Low 
lime 
Oryza sativa L. 
23 Evensen et al., 1995 4 Indonesia Alley Cropping 
(Hedgerow) 
Calliandra 
calothyrsus 
Yes 2-7 Upland 0 + Low 
lime 
Oryza sativa L. 
24 Evensen et al., 1995 4 Indonesia Alley Cropping 
(Hedgerow) 
Gliricidia sepium Yes 2-7 Upland 0 + Low 
lime 
Oryza sativa L. 
25 Evensen et al., 1995 4 Indonesia Alley Cropping 
(Hedgerow) 
Paraserianthes 
falcataria 
Yes 2-7 Upland 0 + High 
lime 
Oryza sativa L. 
26 Evensen et al., 1995 4 Indonesia Alley Cropping 
(Hedgerow) 
Calliandra 
calothyrsus 
Yes 2-7 Upland 0 + High 
lime 
Oryza sativa L. 
27 Evensen et al., 1995 4 Indonesia Alley Cropping 
(Hedgerow) 
Gliricidia sepium Yes 2-7 Upland 0 + High 
lime 
Oryza sativa L. 
28 Das et al., 2003 9 India Green manure Erythrina indica Yes n.a. Lowland 0 Sahsarang 1 
29 Das et al., 2003 9 India Green manure Alnus nepalensis Yes n.a. Lowland 0 Sahsarang 1 
30 Das et al., 2003 9 India Green manure Parkia roxburghii Yes n.a. Lowland 0 Sahsarang 1 
31 Das et al., 2003 9 India Green manure Acacia 
auriculiformis 
Yes n.a. Lowland 0 Sahsarang 1 
32 Das et al., 2003 9 India Green manure Cassia Siamea Yes n.a. Lowland 0 Sahsarang 1 
33 Khybri et al., 1992 13 India Hedgerow Grewia optiva No 1-13 Upland 80 CV Akashi 
34 Khybri et al., 1992 13 India Hedgerow Morus alba No 1-13 Upland 80 CV Akashi 
35 Khybri et al., 1992 13 India Hedgerow Eucalyptus hybrid No 1-13 Upland 80 CV Akashi 
36 MacLean et al., 2003 2 Philippines Alley Cropping Gliricidia sepium 
and Cassia 
spectabilis 
Yes 3-4 Upland 0 UPLRi5 
37 MacLean et al., 2003 2 Philippines Alley Cropping Gliricidia sepium 
and Cassia 
spectabilis 
Yes 3-4 Upland Mulch UPLRi5 
38 MacLean et al., 2003 2 Philippines Alley Cropping Gliricidia sepium 
and Cassia 
spectabilis 
Yes 3-4 Upland Incorpora
tion 
UPLRi5 
39 MacLean et al., 2003 2 Philippines Alley Cropping Gliricidia sepium 
and Cassia 
spectabilis 
Yes 3-4 Upland Both UPLRi5 
40 Samsuzzaman et al., 2 Philippines Contour hedgerow Gliricidia sepium Yes 3 Upland Mulch Upland rice (cv 
88 
1999 UPLRI-5) 
41 Samsuzzaman et al., 
1999 
2 Philippines Contour hedgerow Gliricidia sepium Yes 3 Upland Mulch+5
0 
Upland rice (cv 
UPLRI-5) 
42 Samsuzzaman et al., 
1999 
2 Philippines Contour hedgerow Gliricidia sepium Yes 3 Upland 50 Upland rice (cv 
UPLRI-5) 
43 Samsuzzaman et al., 
1999 
2 Philippines Contour hedgerow Cassia spectabilis Yes 4 Upland Mulch Upland rice (cv 
UPLRI-5) 
44 Samsuzzaman et al., 
1999 
2 Philippines Contour hedgerow Cassia spectabilis Yes 4 Upland Mulch+ 
50 
Upland rice (cv 
UPLRI-5) 
45 Samsuzzaman et al., 
1999 
2 Philippines Contour hedgerow Cassia spectabilis Yes 4 Upland 50 Upland rice (cv 
UPLRI-5) 
46 Tomar et al., 2013 3 India Green manure Erythrina indica Yes n.a. Lowland 0 Sahsarang 1 
47 Tomar et al., 2013 3 India Green manure Alnus nepalensis Yes n.a. Lowland 0 Sahsarang 1 
48 Tomar et al., 2013 3 India Green manure Parkia roxburghii Yes n.a. Lowland 0 Sahsarang 1 
49 Tomar et al., 2013 3 India Green manure Acacia 
auriculiformis 
Yes n.a. Lowland 0 Sahsarang 1 
50 Tomar et al., 2013 3 India Green manure Cassia Siamea Yes n.a. Lowland 0 Sahsarang 1 
51 Whitebread et al., 2003 3 Thailand Green manure Cajanus cajan Yes n.a. Lowland 0 O. sativa 
(KDML105) 
52 Whitebread et al., 2003 3 Thailand Green manure Acacia 
auriculiformis 
Yes n.a. Lowland 0 O. sativa 
(KDML105) 
53 Whitebread et al., 2003 3 Thailand Green manure Samanea saman Yes n.a. Lowland 0 O. sativa 
(KDML105) 
54 Whitebread et al., 2003 3 Thailand Green manure Phyllanthus 
taxodifolius 
Yes n.a. Lowland 0 O. sativa 
(KDML105) 
 
  
89 
Appendix 3 - Step 1 in the meta-analysis – 297 study 
references  
1. Abouziena, H. F., Hafez, O. M., El-Metwally, I. M., Sharma, S. D., & Singh, M. (2008). Comparison of 
weed suppression and mandarin fruit yield and quality obtained with organic mulches, synthetic 
mulches, cultivation, and glyphosate. Hortscience, 43(3), 795-799.  
2. Adesina, F. C., Fasidi, I. O., & Adenipekun, O. C. (2011). Cultivation and fruit body production of 
lentinus squarrosulus mont. (singer) on bark and leaves of fruit trees supplemented with agricultural 
waste. African Journal of Biotechnology, 10(22), 4608-4611.  
3. Aggelopoulou, K. D., Wulfsohn, D., Fountas, S., Gemtos, T. A., Nanos, G. D., & Blackmore, S. 
(2010). Spatial variation in yield and quality in a small apple orchard. Precision Agriculture, 11(5), 
538-556. doi:10.1007/s11119-009-9146-9  
4. Agus, F., Garrity, D. P., Cassel, D. K., & Mercado, A. (1998). Grain crop response to contour hedgerow 
systems on sloping oxisols. Agroforestry Systems, 42(2), 107-120. 
doi:http://dx.doi.org/10.1023/A:1006020319918  
5. Agus, F., Garrity, D., Cassel, D., & Mercado, A. (1998). Grain crop response to contour hedgerow 
systems on sloping oxisols. Agroforestry Systems, 42(2), 107-120. doi:10.1023/A:1006020319918  
6. Ahloowalia, B., & Maluszynski, M. (2001). Induced mutations - A new paradigm in plant breeding. 
Euphytica, 118(2), 167-173. doi:10.1023/A:1004162323428  
7. Ahmad, M. N., van den Berg, L. J. L., Shah, H. U., Masood, T., Bueker, P., Emberson, L., et al. 
(2012). Hydrogen fluoride damage to vegetation from pen-urban brick kilns in asia: A growing but 
unrecognised problem? Environmental Pollution, 162, 319-324. doi:10.1016/j.envpol.2011.11.017  
8. Ajit, Dhyani, S. K., Ramnewaj, Handa, A. K., Prasad, R., Alam, B., et al. (2013). Modeling analysis of 
potential carbon sequestration under existing agroforestry systems in three districts of indo-gangetic 
plains in india. Agroforestry Systems, 87(5), 1129-1146. doi:http://dx.doi.org/10.1007/s10457-013-
9625-x  
9. Al-Dous, E. K., George, B., Al-Mahmoud, M. E., Al-Jaber, M. Y., Wang, H., Salameh, Y. M., et al. 
(2011). De novo genome sequencing and comparative genomics of date palm (phoenix dactylifera). 
Nature Biotechnology, 29(6), 521-U84. doi:10.1038/nbt.1860  
10. Alegre, J., Rao, M., Arevalo, L., Guzman, W., & Faminow, M. (2005). Planted tree fallows for 
improving land productivity in the humid tropics of peru. Agriculture Ecosystems & Environment, 
110(1-2), 104-117. doi:10.1016/j.agee.2005.04.007  
11. Al-Obaidi, J. R., Mohd -Yusuf, Y., Chin-Chong, T., Mhd-Noh, N., & Othman, R. Y. (2010). 
Identification of a partial oil palm polygalacturonase-inhibiting protein (EgPGIP) gene and its 
expression during basal stem rot infection caused by ganoderma boninense. African Journal of 
Biotechnology, 9(46), 7788-7797.  
12. Amara, D., Sanginga, N., Danso, S., & Suale, D. (1996). Nitrogen contribution by multipurpose trees 
to rice and cowpea in an alley cropping system in sierra leone. Agroforestry Systems, 34(2), 119-
128. doi:10.1007/BF00148156  
13. Andrivon, D., Giorgetti, C., Baranger, A., Calonnec, A., Cartolaro, P., Faivre, R., et al. (2013). 
Defining and designing plant architectural ideotypes to control epidemics? European Journal of Plant 
Pathology, 135(3), 611-617. doi:10.1007/s10658-012-0126-y  
14. Ang awa, J.;Owoko, P.;Mugo, F.W.2000 Natural resource use, constraints and possible 
interventions: the case of Kakola rice growing village, Nyando district 
15. Anglaaere, L. C., N., Cobbina, J., Sinclair, F. L., & Mcdonald, M. A. (2011). The effect of land use systems 
on tree diversity: Farmer preference and species composition of cocoa-based agroecosystems in 
ghana. Agroforestry Systems, 81(3), 249-265. doi:http://dx.doi.org/10.1007/s10457-010-9366-z  
16. Ashrafuzzaman, M., Kamruzzaman, A. K. M., Ismail, M. R., Shahidullah, S. M., & Fakir, S. A. (2009). 
Substrate affects growth and yield of shiitake mushroom. African Journal of Biotechnology, 8(13), 
2999-3006.  
17. Assé, R., & Lassoie, J. P. (2011). Household decision-making in agroforestry parklands of sudano-
sahelian mali. Agroforestry Systems, 82(3), 247-261. doi:http://dx.doi.org/10.1007/s10457-011-9395-2  
18. Ávalos-sartorio, B., & Blackman, A. (2010). Agroforestry price supports as a conservation tool: Mexican 
shade coffee. Agroforestry Systems, 78(2), 169-183. doi:http://dx.doi.org/10.1007/s10457-009-9248-4  
19. Bagavathiannan, M. V., Norsworthy, J. K., & Scott, R. C. (2011). Comparison of weed management 
programs for furrow-irrigated and flooded hybrid rice production in arkansas. Weed Technology, 
90 
25(4), 556-562. doi:10.1614/WT-D-11-00065.1  
20. Baggie, I., Zapata, F., Sanginga, N., & Danso, S. (2000). Ameliorating acid infertile rice soil with 
organic residue from nitrogen fixing trees. Nutrient Cycling in Agroecosystems, 57(2), 183-190. 
doi:10.1023/A:1009844019424  
21. BAKER, J., & ALLEN, L. (1993). Contrasting crop species responses to Co2 and temperature - rice, 
soybean and citrus. Vegetatio, 104, 239-260. doi:10.1007/BF00048156  
22. Bakermans, M. H., Rodewald, A. D., Vitz, A. C., & Rengifo, C. (2012). Migratory bird use of shade 
coffee: The role of structural and floristic features. Agroforestry Systems, 85(1), 85-94. 
doi:http://dx.doi.org/10.1007/s10457-011-9389-0  
23. Banerjee, S., Aditya, G., Saha, N., & Saha, G. K. (2010). An assessment of macroinvertebrate 
assemblages in mosquito larval habitats-space and diversity relationship. Environmental Monitoring 
and Assessment, 168(1-4), 597-611. doi:10.1007/s10661-009-1137-9  
24. Banik, P., Midya, A., Fajardo, S., & Kam, S. P. (2006). Natural resource inventory of luppi village, 
eastern plateau of india: Implications for sustainable agricultural development. Journal of 
Sustainable Agriculture, 28(2), 85-100. doi:10.1300/J064v28n02_07  
25. Bardhan, S., Jose, S., Udawatta, R. P., & Fritschi, F. (2013). Microbial community diversity in a 21-year-
old temperate alley cropping system. Agroforestry Systems, 87(5), 1031-1041. 
doi:http://dx.doi.org/10.1007/s10457-013-9617-x  
26. Bargali, S. S., Bargali, K., Singh, L., Ghosh, L., & Lakhera, M. L. (2009). Acacia nilotica-based 
traditional agroforestry system: Effect on paddy crop and management. Current Science, 96(4), 
581-587.  
27. Basinger, M., Chen, J., Jeffrey-coker, F., Rodriguez-sanchez, F. S., Singer, T., & Modi, V. (2012). Jatropha 
adoption: A statistical observational study of factors influencing malian farmers' decision to grow 
jatropha. Agroforestry Systems, 84(1), 59-72. doi:http://dx.doi.org/10.1007/s10457-011-9426-z  
28. Bertomeu, M. (2012). Growth and yield of maize and timber trees in smallholder agroforestry systems 
in claveria, northern mindanao, philippines. Agroforestry Systems, 84(1), 73-87. 
doi:http://dx.doi.org/10.1007/s10457-011-9444-x  
29. Bertomeu, M., Roshetko, J. M., & Rahayu, S. (2011). Optimum pruning intensity for reducing crop 
suppression in a gmelina-maize smallholder agroforestry system in claveria, philippines. Agroforestry 
Systems, 83(2), 167-180. doi:http://dx.doi.org/10.1007/s10457-011-9435-y  
30. Bhatt, B. P., Hussain, S., Walling, I., & Singh, J. K. (2009). Allelopathic effects of agroforestry trees 
on field crops in eastern himalaya, india. Allelopathy Journal, 24(2), 373-387.  
31. Bhatt, B., & Misra, L. (2003). Production potential and cost-benefit analysis of agrihorticulture 
agroforestry systems in northeast india. Journal of Sustainable Agriculture, 22(2), 99-108. 
doi:10.1300/J064v22n02_07  
32. Bowers, J., Chapman, B., Rong, J., & Paterson, A. (2003). Unravelling angiosperm genome evolution 
by phylogenetic analysis of chromosomal duplication events. Nature, 422(6930), 433-438. 
doi:10.1038/nature01521  
33. Boye, J. I., Achouri, A., Raymond, N., Cleroux, C., Weber, D., Koerner, T. B., et al. (2013). Analysis 
of glabrous canary seeds by ELISA, mass spectrometry, and western blotting for the absence of 
cross-reactivity with major plant food allergens. Journal of Agricultural and Food Chemistry, 61(25), 
6102-6112. doi:10.1021/jf305500t  
34. Budiadi, Kanazawa, Y., Ishii, H. T., Sabarnurdin, M. S., & Suryanto, P. (2005). Productivity of kayu putih 
(melaleuca leucadendron LINN) tree plantation managed in non-timber forest production systems in 
java, indonesia. Agroforestry Systems, 64(2), 143-155. doi:http://dx.doi.org/10.1007/s10457-004-
0777-6  
35. Budiadi, Kanazawa, Y., Ishii, H., Sabarnurdin, M., & Suryanto, P. (2005). Productivity of kayu putih 
(melaleuca leucadendron LINN) tree plantation managed in non-timber forest production systems in 
java, indonesia. Agroforestry Systems, 64(2), 143-155. doi:10.1007/s10457-004-0777-6  
36. Budiadi; Ishii, H. T. Comparison of carbon sequestration between multiple-crop, single-crop and 
monoculture agroforestry systems of Melaleuca in Java, Indonesia. Journal of Tropical Forest Science 
2010 Vol. 22 No. 4 pp. 378-388 
37. Burner, D. M., Carrier, D. J., Belesky, D. P., Pote, D. H., Ares, A., & Clausen, E. C. (2008). Yield 
components and nutritive value of robinia pseudoacacia and albizia julibrissin in arkansas, USA. 
Agroforestry Systems, 72(1), 51-62. doi:http://dx.doi.org/10.1007/s10457-007-9098-x  
91 
38. Calendacion, A.N.;Garrity, D.P.;Ingram, K.T.1992 Lock lodging: a new technology for ratoon rice 
cropping 
39. Camero, A., & Franco, M. (2001). Improving rumen fermentation and milk production with legume-
tree fodder in the tropics. Agroforestry Systems, 51(2), 157-166. 
doi:http://dx.doi.org/10.1023/A:1010607421562  
40. Camero, A., Ibrahim, M., & Kass, M. (2001). Improving rumen fermentation and milk production 
with legume-tree fodder in the tropics. Agroforestry Systems, 51(2), 157-166. 
doi:10.1023/A:1010607421562  
41. Cara, C., Ruiz, E., Ballesteros, M., Manzanares, P., Negro, M. J., & Castro, E. (2008). Production of 
fuel ethanol from steam-explosion pretreated olive tree pruning. Fuel, 87(6), 692-700. 
doi:10.1016/j.fuel.2007.05.008  
42. Castro, L. M., Calvas, B., Hildebrandt, P., & Knoke, T. (2013). Avoiding the loss of shade coffee 
plantations: How to derive conservation payments for risk-averse land-users. Agroforestry Systems, 
87(2), 331-347. doi:http://dx.doi.org/10.1007/s10457-012-9554-0  
43. Cevik, V., Ryder, C. D., Popovich, A., Manning, K., King, G. J., & Seymour, G. B. (2010). A 
FRUITFULL-like gene is associated with genetic variation for fruit flesh firmness in apple (malus 
domestica borkh.). Tree Genetics & Genomes, 6(2), 271-279. doi:10.1007/s11295-009-0247-4  
44. Chaiprapat, S., & Sdoodee, S. (2007). Effects of wastewater recycling from natural rubber smoked 
sheet production on economic crops in southern thailand. Resources Conservation and Recycling, 
51(3), 577-590. doi:10.1016/j.resconrec.2006.11.003  
45. Chen, C., Cheng, Y., Shieh, C., Hsiang, D., & Chang, C. J. (2013). Oil production from de-shelled 
aquilaria crassna seeds using supercritical carbon dioxide extraction. Journal of the American Oil 
Chemists Society, 90(1), 9-16. doi:10.1007/s11746-012-2147-2  
46. Cicuzza, D., Clough, Y., Tjitrosoedirdjo, S. S., & Kessler, M. (2012). Responses of terrestrial herb 
assemblages to weeding and fertilization in cacao agroforests in indonesia. Agroforestry Systems, 
85(1), 75-83. doi:http://dx.doi.org/10.1007/s10457-011-9456-6  
47. Cubera, E., Moreno, G., Solla, A., & Madeira, M. (2012). Root system of quercus suber L. seedlings in 
response to herbaceous competition and different watering and fertilisation regimes. Agroforestry 
Systems, 85(2), 205-214. doi:http://dx.doi.org/10.1007/s10457-012-9492-x  
48. Cui, N., Du, T., Kang, S., Li, F., Hu, X., Wang, M., et al. (2009). Relationship between stable carbon 
isotope discrimination and water use efficiency under regulated deficit irrigation of pear-jujube tree. 
Agricultural Water Management, 96(11), 1615-1622. doi:10.1016/j.agwat.2009.06.009  
49. Dagar, J., Sharma, H., & Shukla, Y. (2001). Raised and sunken bed technique for agroforestry on 
alkali soils of northwest india. Land Degradation & Development, 12(2), 107-118. 
doi:10.1002/ldr.442  
50. Danthu, P., Rakotobe, M., Mauclère, P., Andrianoelisoa, H., Behra, O., Rahajanirina, V., et al. (2008). 
Essential oil production increases value of psiadia altissima fallows in madagascar's eastern forests. 
Agroforestry Systems, 72(2), 127-135. doi:http://dx.doi.org/10.1007/s10457-007-9067-4  
51. Das, A., Tomar, J. M. S., Ramesh, T., Munda, G. C., Ghosh, P. K., & Patel, D. P. (2010). Productivity 
and economics of lowland rice as influenced by incorporation of N-fixing tree biomass in mid-altitude 
subtropical meghalaya, north east india. Nutrient Cycling in Agroecosystems, 87(1), 9-19. 
doi:10.1007/s10705-009-9308-1  
52. Das, T., & Das, A. K. (2010). Litter production and decomposition in the forested areas of traditional 
homegardens: A case study from barak valley, assam, northeast india. Agroforestry Systems, 79(2), 
157-170. doi:http://dx.doi.org/10.1007/s10457-010-9284-0  
53. de Aguiar, M. I., Fialho, J. S., de Araújo, F. D., Chagas, Silva, Campanha, M. M., et al. (2013). Does 
biomass production depend on plant community diversity? Agroforestry Systems, 87(3), 699-711. 
doi:http://dx.doi.org/10.1007/s10457-012-9590-9  
54. de Souza, H. N., de Graaff, J., & Pulleman, M. M. (2012). Strategies and economics of farming systems 
with coffee in the atlantic rainforest biome. Agroforestry Systems, 84(2), 227-242. 
doi:http://dx.doi.org/10.1007/s10457-011-9452-x  
55. Degen, A. A., Pandey, L. N., Kam, M., Pandey, S. B., Upreti, C. R., & Osti, N. P. (2010). Goat 
production and fodder leaves offered by local villagers in the mid-hills of nepal. Human Ecology, 
38(5), 625-637. doi:10.1007/s10745-010-9342-2  
56. Delgado, M. E., M., & Canters, F. (2012). Modeling the impacts of agroforestry systems on the spatial 
92 
patterns of soil erosion risk in three catchments of claveria, the philippines. Agroforestry Systems, 
85(3), 411-423. doi:http://dx.doi.org/10.1007/s10457-011-9442-z  
57. Delmotte, S., Tittonell, P., Mouret, J. -., Hammond, R., & Lopez-Ridaura, S. (2011). On farm 
assessment of rice yield variability and productivity gaps between organic and conventional cropping 
systems under mediterranean climate. European Journal of Agronomy, 35(4), 223-236. 
doi:10.1016/j.eja.2011.06.006  
58. Denich, M., Vlek, P., Sa, T., Vielhauer, K., & Lucke, W. (2005). A concept for the development of 
fire-free fallow management in the eastern amazon, brazil. Agriculture Ecosystems & Environment, 
110(1-2), 43-58. doi:10.1016/j.agee.2005.05.005  
59. Devendra, C., Sevilla, C., & Pezo, D. (2001). Food-feed systems in asia - review. Asian-Australasian 
Journal of Animal Sciences, 14(5), 733-745.  
60. Dhakal, A., Cockfield, G., & Maraseni, T. N. (2012). Evolution of agroforestry based farming systems: A 
study of dhanusha district, nepal. Agroforestry Systems, 86(1), 17-33. 
doi:http://dx.doi.org/10.1007/s10457-012-9504-x  
61. Dingkuhn, M., Luquet, D., Quilot, B., & de Reffye, P. (2005). Environmental and genetic control of 
morphogenesis in crops: Towards models simulating phenotypic plasticity. Australian Journal of 
Agricultural Research, 56(11), 1289-1302. doi:10.1071/AR05063  
62. Djossa, B. A., Fahr, J., Wiegand, T., Ayihouénou, B. E., Kalko, E. K., & Sinsin, B. A. (2008). Land use 
impact on vitellaria paradoxa C.F. gaerten. stand structure and distribution patterns: A comparison of 
biosphere reserve of pendjari in atacora district in benin. Agroforestry Systems, 72(3), 205-220. 
doi:http://dx.doi.org/10.1007/s10457-007-9097-y  
63. Djumaeva, D., Lamers, J. P. A., Martius, C., & Vlek, P. L. G. (2012). Chlorophyll meters for 
monitoring foliar nitrogen in three tree species from arid central asia. Journal of Arid Environments, 
85, 41-45. doi:10.1016/j.jaridenv.2012.03.008  
64. Dong, B., Molden, D., Loeve, R., Li, Y. H., Chen, C. D., & Wang, J. Z. (2004). Farm level practices 
and water productivity in zhanghe irrigation system. Paddy and Water Environment, 2(4), 217-226. 
doi:10.1007/s10333-004-0066-z  
65. Dong, W., Qin, J., Li, J., Zhao, Y., Nie, L., & Zhang, Z. (2011). Interactions between soil water 
content and fertilizer on growth characteristics and biomass yield of chinese white poplar (populus 
tomentosa carr.) seedlings. Soil Science and Plant Nutrition, 57(2), 303-312. 
doi:10.1080/00380768.2010.549445  
66. Easterling, W., & Apps, M. (2005). Assessing the consequences of climate change for food and forest 
resources: A view from the IPCC. Climatic Change, 70(1-2), 165-189. doi:10.1007/s10584-005-
5941-0  
67. Eichelmann, H., Oja, V., Rasulov, B., Padu, E., Bichele, I., Pettai, H., et al. (2004). Development of 
leaf photosynthetic parameters in betula pendula roth leaves: Correlations with photosystem I 
density. Plant Biology, 6(3), 307-318. doi:10.1055/s-2004-820874  
68. Elias, A. A., Busov, V. B., Kosola, K. R., Ma, C., Etherington, E., Shevchenko, O., et al. (2012). 
Green revolution trees: Semidwarfism transgenes modify gibberellins, promote root growth, 
enhance morphological diversity, and reduce competitiveness in hybrid poplar. Plant Physiology, 
160(2), 1130-1144. doi:10.1104/pp.112.200741  
69. Ellis, E. A., Baerenklau, K. A., Marcos-martínez, R., & Chávez, E. (2010). Land use/land cover change 
dynamics and drivers in a low-grade marginal coffee growing region of veracruz, mexico. Agroforestry 
Systems, 80(1), 61-84. doi:http://dx.doi.org/10.1007/s10457-010-9339-2  
70. Eriksson, M., Israelsson, M., Olsson, O., & Moritz, T. (2000). Increased gibberellin biosynthesis in 
transgenic trees promotes growth, biomass production and xylem fiber length. Nature 
Biotechnology, 18(7), 784-788.  
71. EVENSEN, C., DIEROLF, T., & YOST, R. (1994). Growth of 4 tree species managed as hedgerows in 
response to liming on an acid soil in west sumatra, indonesia. Agroforestry Systems, 27(3), 207-
222. doi:10.1007/BF00705057  
72. EVENSEN, C., DIEROLF, T., & YOST, R. (1995). Decreasing rice and cowpea yields in alley cropping 
on a highly weathered oxisol in west sumatra, indonesia. Agroforestry Systems, 31(1), 1-19. 
doi:10.1007/BF00712052  
73. Fagerström, M.H.H.;van Noordwijk, M.;Phien, T.;Vinh, N. C.2001 Innovations within upland rice-
based systems in northern Vietnam with Tephrosia candida as fallow species, hedgerow, or mulch � 
net returns and farmers response  
74. Fan, X., Wang, J., Yang, N., Dong, Y., Liu, L., Wang, F., et al. (2013). Gene expression profiling of 
soybean leaves and roots under salt, saline-alkali and drought stress by high-throughput illumina 
93 
sequencing. Gene, 512(2), 392-402. doi:10.1016/j.gene.2012.09.100  
75. Faria, P. B., Vieira, J. O., Silva, J. N., Rodrigues, A. Q., Souza, X. R., Santos, F. R., et al. (2011). 
Performance and carcass characteristics of free-range broiler chickens fed diets containing 
alternative feedstuffs. Brazilian Journal of Poultry Science, 13(3), 211-216.  
76. Feijó, N. S., A., Mielke, M. S., Gomes, F. P., França, S., & Lavinsky, A. O. (2009). Growth and 
photosynthetic responses of gallesia integrifolia (spreng.) harms and schinus terebinthifolius raddi 
seedlings in dense shade. Agroforestry Systems, 77(1), 49-58. doi:http://dx.doi.org/10.1007/s10457-
008-9190-x  
77. Feldhake, C. M., & Belesky, D. P. (2009). Photosynthetically active radiation use efficiency of dactylis 
glomerata and schedonorus phoenix along a hardwood tree-induced light gradient. Agroforestry 
Systems, 75(2), 189-196. doi:http://dx.doi.org/10.1007/s10457-008-9175-9  
78. Fernández, M. E., Gyenge, J., Licata, J., Schlichter, T., & Bond, B. J. (2008). Belowground interactions 
for water between trees and grasses in a temperate semiarid agroforestry system. Agroforestry 
Systems, 74(2), 185-197. doi:http://dx.doi.org/10.1007/s10457-008-9119-4  
79. Fifanou, V. G., Ousmane, C., Gauthier, B., & Brice, S. (2011). Traditional agroforestry systems and 
biodiversity conservation in benin (west africa). Agroforestry Systems, 82(1), 1-13. 
doi:http://dx.doi.org/10.1007/s10457-011-9377-4  
80. Fontan, I. C., I., Reis, G. G., F Reis, M. G., Leite, H. G., Monte, M. A., et al. (2011). Growth of pruned 
eucalypt clone in an agroforestry system in southeastern brazil. Agroforestry Systems, 83(2), 121-131. 
doi:http://dx.doi.org/10.1007/s10457-011-9432-1  
81. Gao, W., Zheng, Y., Slusser, J., & Heisler, G. (2003). Impact of enhanced ultraviolet-B irradiance on 
cotton growth, development, yield, and qualities under field conditions. Agricultural and Forest 
Meteorology, 120(1-4), 241-248. doi:10.1016/j.agrformet.2003.08.019  
82. GARRITY, D., & MERCADO, A. (1994). Nitrogen-fixation capacity in the component species of 
contour hedgerows - how important. Agroforestry Systems, 27(3), 241-258. 
doi:10.1007/BF00705059  
83. Garrity, D.P.;Becker, M.1993 Where do green manures fit in Asian rice farming system? 
84. Garrity, D.P.;Liboon, S.P.1995 A non-conventional method for establishing upland crops following 
lowland rice in saturated soils 
85. George T.;Ladha, J.K.;Garrity, D.P.;Torres, R.O.1995 Nitrogen dynamics of grain legume-weedy 
fallow-flooded rice sequences in the tropic 
86. George, T. ; Magbanua, R. ; Garrity, D.P. ; Tubana, B.S. ; Quiton, J.: Rapid yield loss of rice cropped 
successively in aerobic soil. Agronomy Journal 94 5. p.981-989 
87. Gholipoor, M., & Sinclair, T. R. (2011). Historical changes of temperature and vapor pressure deficit 
during the crop growing season in iran. International Journal of Plant Production, 5(2), 195-205.  
88. Ghosh, P., & Kashyap, A. (2003). Effect of rice cultivars on rate of N-mineralization, nitrification and 
nitrifier population size in an irrigated rice ecosystem. Applied Soil Ecology, 24(1), 27-41. 
doi:10.1016/S0929-1393(03)00068-4  
89. Giashuddin M.;Garrity, D.P.;Aragon, M.L.;Ahmed, M.1995 Weed infestation and growth in an upland 
rice-tree association 
90. Gill, R. I., S., Singh, B., & Kaur, N. (2009). Productivity and nutrient uptake of newly released wheat 
varieties at different sowing times under poplar plantation in north-western india. Agroforestry 
Systems, 76(3), 579-590. doi:http://dx.doi.org/10.1007/s10457-009-9223-0  
91. Gonzalez, J., Ganan, J., Ramiro, A., Gonzalez-Garcia, C., Encinar, J., Sabio, E., et al. (2006). 
Almond residues gasification plant for generation of electric power. preliminary study. Fuel 
Processing Technology, 87(2), 149-155. doi:10.1016/j.fuproc.2005.08.010  
92. Graham, S., Mcginness, H. M., & O'connell, D. A. (2009). Effects of management techniques on the 
establishment of eucalypt seedlings on farmland: A review. Agroforestry Systems, 77(1), 59-81. 
doi:http://dx.doi.org/10.1007/s10457-009-9204-3  
93. Grandstaff, S. W.; Grandstaff, T. B.; Rathakette, P.; Thomas, D. E.;Thomas, J. K.: Trees in paddy 
fields in Northeast Thailand. Traditional agriculture in Southeast Asia. A human ecology perspective. 
1986 pp. 273-292 
94. Gravois, K., & Helms, R. (1996). Seeding rate effects on rough rice yield, head rice, and total milled 
rice. Agronomy Journal, 88(1), 82-84.  
95. Grogan, P., Lalnunmawia, F., & Tripathi, S. K. (2012). Shifting cultivation in steeply sloped regions: A 
94 
review of management options and research priorities for mizoram state, northeast india. 
Agroforestry Systems, 84(2), 163-177. doi:http://dx.doi.org/10.1007/s10457-011-9469-1  
96. Guo, Z. L., Cai, C. F., Li, Z. X., Wang, T. W., & Zheng, M. J. (2009). Crop residue effect on crop 
performance, soil N2O and CO2 emissions in alley cropping systems in subtropical china. Agroforestry 
Systems, 76(1), 67-80. doi:http://dx.doi.org/10.1007/s10457-008-9170-1  
97. Gupta, J., & Bujarbaruah, K. (2006). Organic production of leguminous fodders and their feeding 
value in rabbits. Indian Journal of Animal Sciences, 76(2), 151-153.  
98. Hagan, D. L., Jose, S., Thetford, M., & Bohn, K. (2009). Production physiology of three native shrubs 
intercropped in a young longleaf pine plantation. Agroforestry Systems, 76(2), 283-294. 
doi:http://dx.doi.org/10.1007/s10457-009-9216-z  
99. Haggar, J., Barrios, M., Bolaños, M., Merlo, M., Moraga, P., Munguia, R., et al. (2011). Coffee 
agroecosystem performance under full sun, shade, conventional and organic management regimes in 
central america. Agroforestry Systems, 82(3), 285-301. doi:http://dx.doi.org/10.1007/s10457-011-
9392-5  
100. Hai An Phan Ha, Huon, S., Tureaux, T. H. d., Orange, D., Jouquet, P., Valentin, C., et al. (2012). 
Impact of fodder cover on runoff and soil erosion at plot scale in a cultivated catchment of north 
vietnam. Geoderma, 177, 8-17. doi:10.1016/j.geoderma.2012.01.031  
101. Hamon, S., Dussert, S., Deu, M., Hamon, P., Seguin, M., Glaszmann, J., et al. (1998). Effects of 
quantitative and qualitative principal component score strategies on the structure of coffee, rubber 
tree, rice and sorghum core collections. Genetics Selection Evolution, 30, S237-S258. 
doi:10.1051/gse:19980714  
102. Herrera, W., Garrity, D., & Vejpas, C. (1997). Management of sesbania rostrata green manure crops 
grown prior to rainfed lowland rice on sandy soils. Field Crops Research, 49(2-3), 259-268. 
doi:10.1016/S0378-4290(96)01003-9  
103. Hocking, D., & Islam, K. (1997). Trees on farms in bangladesh: 5. growth of top- and root-pruned 
trees in wetland rice fields and yields of understory crops. Agroforestry Systems, 39(2), 101-115. 
doi:10.1023/A:1005999225770  
104. Hocking, D., & Islam, K. (1997). Trees on farms in bangladesh: 5. growth of top- and root-pruned trees 
in wetland rice fields and yields of understory crops. Agroforestry Systems, 39(2), 101-115. 
doi:http://dx.doi.org/10.1023/A:1005999225770  
105. Hocking, D., Sarwar, G., & Yousuf, S. (1996). Trees on farms in bangladesh .4. crop yields 
underneath traditionally managed mature trees. Agroforestry Systems, 35(1), 1-13. 
doi:10.1007/BF02345325  
106. Hossain, M. (2001). Farmer's view on soil organic matter depletion and its management in 
bangladesh. Nutrient Cycling in Agroecosystems, 61(1-2), 197-204. doi:10.1023/A:1013376922354  
107. HUNTER, J. (1990). The status of cacao (theobroma-cacao, sterculiaceae) in the western-
hemisphere. Economic Botany, 44(4), 425-439. doi:10.1007/BF02859775  
108. Häger, A. (2012). The effects of management and plant diversity on carbon storage in coffee 
agroforestry systems in costa rica. Agroforestry Systems, 86(2), 159-174. 
doi:http://dx.doi.org/10.1007/s10457-012-9545-1  
109. JANSSEN, B., NOIJ, I., WESSELINK, L., & VANGRINSVEN, J. (1990). Simulation of the dynamics of 
nutrients and moisture in tropical ecosystems. Fertilizer Research, 26(1-3), 145-156. 
doi:10.1007/BF01048752  
110. Jeon, Y., Jun, E., Oh, K., Pham Quang Thu, & Kim, S. (2010). Identification of 12-
methyltetradecanoic acid from endophytic senotrophomonas maltophilia as inhibitor of appressorium 
formation of magnaporthe oryzae. Journal of the Korean Society for Applied Biological Chemistry, 
53(5), 578-583. doi:10.3839/jksabc.2010.089  
111. Jha, B., Thakur, M. C., Gontia, I., Albrecht, V., Stoffels, M., Schmid, M., et al. (2009). Isolation, 
partial identification and application of diazotrophic rhizobacteria from traditional indian rice 
cultivars. European Journal of Soil Biology, 45(1), 62-72. doi:10.1016/j.ejsobi.2008.06.007  
112. Jha, P., Mohapatra, K. P., & Dubey, S. K. (2010). Impact of land use on physico-chemical and 
hydrological properties of ustifluvent soils in riparian zone of river yamuna, india. Agroforestry 
Systems, 80(3), 437-445. doi:http://dx.doi.org/10.1007/s10457-010-9338-3  
113. Jiang, J., Tan, L., Zhu, Z., Fu, Y., Liu, F., Cai, H., et al. (2012). Molecular evolution of the TAC1 gene 
from rice (oryza sativa L.). Journal of Genetics and Genomics, 39(10), 551-560. 
doi:10.1016/j.jgg.2012.07.011  
95 
114. Jimenez, L., Angulo, V., Garcia, E., & Rodriguez, A. (2004). Cellulosic pulp from vine shoots. 
Afinidad, 61(511), 194-203.  
115. Jo, I., & Koh, M. (2004). Chemical changes in agricultural soils of korea: Data review and suggested 
countermeasures. Environmental Geochemistry and Health, 26(2-3), 105-117. 
doi:10.1023/B:EGAH.0000039573.05245.cc  
116. Johnson, M. D., Levy, N. J., Kellermann, J. L., & Robinson, D. E. (2009). Effects of shade and bird 
exclusion on arthropods and leaf damage on coffee farms in jamaica's blue mountains. Agroforestry 
Systems, 76(1), 139-148. doi:http://dx.doi.org/10.1007/s10457-008-9198-2  
117. Jose, S. (2009). Agroforestry for ecosystem services and environmental benefits: An overview. 
Agroforestry Systems, 76(1), 1-10. doi:http://dx.doi.org/10.1007/s10457-009-9229-7  
118. Jose, S. (2011). Managing native and non-native plants in agroforestry systems. Agroforestry Systems, 
83(2), 101-105. doi:http://dx.doi.org/10.1007/s10457-011-9440-1  
119. Kan, C.E.: Improving irrigation management systems for rice farming. Food & Fertilizer Technology 
Center. 
120. KARDELL, O. (1993). A theoretical-study for north vietnam of alternative agroforestry systems to 
pure cassava. Agroforestry Systems, 21(3), 251-262. doi:10.1007/BF00705244  
121. Karim, A. A., Tie, A. P., Manan, D. M. A., & Zaidul, I. S. M. (2008). Starch from the sago 
(metroxylon sagu) palm tree - properties, prospects, and challenges as a new industrial source for 
food and other uses. Comprehensive Reviews in Food Science and Food Safety, 7(3), 215-228. 
doi:10.1111/j.1541-4337.2008.00042.x  
122. Khaliq, A., Matloob, A., & Riaz, Y. (2012). Bio-economic and qualitative impact of reduced herbicide 
use in direct seeded fine rice through multipurpose tree water extracts. Chilean Journal of 
Agricultural Research, 72(3), 350-357.  
123. KHYBRI, M., GUPTA, R., RAM, S., & TOMAR, H. (1992). Crop yields of rice and wheat grown in 
rotation as intercrops with 3 tree species in the outer hills of western himalaya. Agroforestry 
Systems, 17(3), 193-204. doi:10.1007/BF00054147  
124. Kim, S. Y., Colpitts, C. C., Wiedemann, G., Jepson, C., Rahimi, M., Rothwell, J. R., et al. (2013). 
Physcomitrella PpORS, basal to plant type III polyketide synthases in phylogenetic trees, is a very 
long chain 2 '-oxoalkylresorcinol synthase. Journal of Biological Chemistry, 288(4), 2767-2777. 
doi:10.1074/jbc.M112.430686  
125. Kiptot, E., & Franzel, S. (2012). Gender and agroforestry in africa: A review of women's participation. 
Agroforestry Systems, 84(1), 35-58. doi:http://dx.doi.org/10.1007/s10457-011-9419-y  
126. Kohl, S., Hollmann, J., Blattner, F. R., Radchuk, V., Andersch, F., Steuernagel, B., et al. (2012). A 
putative role for amino acid permeases in sink-source communication of barley tissues uncovered by 
RNA-seq. Bmc Plant Biology, 12, 154. doi:10.1186/1471-2229-12-154  
127. Koko, L. K., Snoeck, D., Lekadou, T. T., & Assiri, A. A. (2013). Cacao-fruit tree intercropping effects on 
cocoa yield, plant vigour and light interception in côte d'ivoire. Agroforestry Systems, 87(5), 1043-
1052. doi:http://dx.doi.org/10.1007/s10457-013-9619-8  
128. Koné, A. W., Edoukou, E. F., Gonnety, J. T., N'dri, A. N., A., Assémien, L. F., et al. (2012). Can the shrub 
chromolaena odorata (asteraceae) be considered as improving soil biology and plant nutrient 
availability? Agroforestry Systems, 85(2), 233-245. doi:http://dx.doi.org/10.1007/s10457-012-9497-5  
129. Koniger, M., Harris, G., & Kibler, E. (2000). Seasonal changes in the physiology of shade leaves of 
acer saccharum. Journal of Plant Physiology, 157(6), 627-636.  
130. Kremer, R. J., & Kussman, R. D. (2011). Soil quality in a pecan-kura clover alley cropping system in the 
midwestern USA. Agroforestry Systems, 83(2), 213-223. doi:http://dx.doi.org/10.1007/s10457-011-
9370-y  
131. Krishnaswamy, J., Bonell, M., Venkatesh, B., Purandara, B. K., Rakesh, K. N., Lele, S., et al. (2013). 
The groundwater recharge response and hydrologic services of tropical humid forest ecosystems to 
use and reforestation: Support for the "infiltration-evapotranspiration trade-off hypothesis". Journal 
of Hydrology, 498, 191-209. doi:10.1016/j.jhydrol.2013.06.034  
132. Kroodsma, D. A., & Field, C. B. (2006). Carbon sequestration in california agriculture, 1980-2000. 
Ecological Applications, 16(5), 1975-1985. doi:10.1890/1051-0761(2006)016[1975:CSICA]2.0.CO;2  
133. KRUPA, S., & KICKERT, R. (1993). The greenhouse-effect - the impacts of carbon-dioxide (Co2), 
ultraviolet-B (uv-B) radiation and ozone (O3) on vegetation (crops). Vegetatio, 104, 223-238. 
doi:10.1007/BF00048155  
134. Kumar, S., & Fladung, M. (2003). Forest tree transgenesis and functional genomics: From fast 
forward to reverse genetics. Silvae Genetica, 52(5-6), 229-232.  
96 
135. Kumaran, S., Su, M., Lim, K., Michael, J., Klippenstein, S., DiFelice, J., et al. (1997). Experiments 
and theory on the thermal decomposition of CHCl3 and the reactions of CCl2. Journal of Physical 
Chemistry a, 101(46), 8653-8661. doi:10.1021/jp971723g  
136. Kuroda, K., Ozawa, T., & Ueno, T. (2001). Characterization of sago palm (metroxylon sagu) lignin by 
analytical pyrolysis. Journal of Agricultural and Food Chemistry, 49(4), 1840-1847. 
doi:10.1021/jf001126i  
137. Lacerda, F., Miranda, I., Kato, O. R., Bispo, C. J., Capela, & Do Vale, I. (2013). Weed dynamics during the 
change of a degraded pasture to agroforestry system. Agroforestry Systems, 87(4), 909-916. 
doi:http://dx.doi.org/10.1007/s10457-013-9607-z  
138. Leal, A. I., Correia, R. A., Palmeirim, J. M., & Granadeiro, J. P. (2013). Does canopy pruning affect 
foliage-gleaning birds in managed cork oak woodlands? Agroforestry Systems, 87(2), 355-363. 
doi:http://dx.doi.org/10.1007/s10457-012-9556-y  
139. Leroy, C., Sabatier, S., Wahyuni, N. S., Barczi, J., Dauzat, J., Laurans, M., et al. (2009). Virtual trees and 
light capture: A method for optimizing agroforestry stand design. Agroforestry Systems, 77(1), 37-47. 
doi:http://dx.doi.org/10.1007/s10457-009-9232-z  
140. Leuschner, C., Moser, G., Hertel, D., Erasmi, S., Leitner, D., Culmsee, H., et al. (2013). Conversion of 
tropical moist forest into cacao agroforest: Consequences for carbon pools and annual C 
sequestration. Agroforestry Systems, 87(5), 1173-1187. doi:http://dx.doi.org/10.1007/s10457-013-
9628-7  
141. Li Su-Mei, Li Bao-Zhen, & Shi Wei-Ming. (2012). Expression patterns of nine ammonium 
transporters in rice in response to N status. Pedosphere, 22(6), 860-869.  
142. Li, F. L., Bao, W. K., & Wu, N. (2009). Effects of water stress on growth, dry matter allocation and 
water-use efficiency of a leguminous species, sophora davidii. Agroforestry Systems, 77(3), 193-201. 
doi:http://dx.doi.org/10.1007/s10457-008-9199-1  
143. Li, S., Zou, F., Zhang, Q., & Sheldon, F. H. (2013). Species richness and guild composition in rubber 
plantations compared to secondary forest on hainan island, china. Agroforestry Systems, 87(5), 1117-
1128. doi:http://dx.doi.org/10.1007/s10457-013-9624-y  
144. Lillesø, J. B., L., Graudal, L., Moestrup, S., Kjær, E. D., Kindt, R., et al. (2011). Innovation in input supply 
systems in smallholder agroforestry: Seed sources, supply chains and support systems. Agroforestry 
Systems, 83(3), 347-359. doi:http://dx.doi.org/10.1007/s10457-011-9412-5  
145. Liu, Y. H., Zeng, R. S., Chen, S., Liu, D. L., Luo, S. M., Wu, H., et al. (2007). Plant autotoxicity 
research in southern china. Allelopathy Journal, 19(1), 61-74.  
146. Lojka, B., Lojkova, J., Banout, J., Polesny, Z., & Preininger, D. (2008). Performance of an improved 
fallow system in the peruvian amazon--modelling approach. Agroforestry Systems, 72(1), 27-39. 
doi:http://dx.doi.org/10.1007/s10457-007-9079-0  
147. Lombard, K., O'neill, M., Mexal, J., Ulery, A., Onken, B., Bettmann, G., et al. (2010). Can soil plant 
analysis development values predict chlorophyll and total fe in hybrid poplar? Agroforestry Systems, 
78(1), 1-11. doi:http://dx.doi.org/10.1007/s10457-009-9214-1  
148. Lordan, J., Pascual, M., Fonseca, F., Villar, J. M., & Rufat, J. (2013). Use of rice husk to enhance 
peach tree performance in soils with limiting physical properties. Soil & Tillage Research, 129, 19-
22. doi:10.1016/j.still.2013.01.002  
149. Lu, J., Wang, Z., & de Vries, F. (2002). Application of interactive multiple goal programming for red 
soil watershed development: A case study of qingshishan watershed. Agricultural Systems, 73(3), 
313-324.  
150. M Collinson. A History of Farming Systems Research. Food and Agriculture Organisation of the 
United Nations (FAO) 
151. MacLean, R., Litsinger, J., Moody, K., Watson, A., & Libetario, E. (2003). Impact of gliricidia sepium 
and cassia spectabilis hedgerows on weeds and insect pests of upland rice. Agriculture Ecosystems & 
Environment, 94(3), 275-288. doi:10.1016/S0167-8809(02)00033-6  
152. Madelaine, C., Malézieux, E., Sibelet, N., & Manlay, R. J. (2008). Semi-wild palm groves reveal 
agricultural change in the forest region of guinea. Agroforestry Systems, 73(3), 189-204. 
doi:http://dx.doi.org/10.1007/s10457-008-9146-1  
153. Magcale-macandog, D. B., Rañola, F. M., Rañola, R. F., Ani, P. A., B., & Vidal, N. B. (2010). Enhancing 
97 
the food security of upland farming households through agroforestry in claveria, misamis oriental, 
philippines. Agroforestry Systems, 79(3), 327-n/a. doi:http://dx.doi.org/10.1007/s10457-009-9267-1  
154. Manivong, V., & Cramb, R. A. (2008). Economics of smallholder rubber expansion in northern laos. 
Agroforestry Systems, 74(2), 113-125. doi:http://dx.doi.org/10.1007/s10457-008-9136-3  
155. MANYONG, V.M., SMITH, J., WEBER, G.K., JAGTAP, S.S. and OYEWOLE, B., 1996. 
Macrocharacterization of agricultural systems in central Africa: an overview (Ibadan, Nigeria: 
International Institute of Tropical Agriculture), Resource and Crop Management Research 
Monograph, 22, 1±55. 
156. Marten, G.G. Traditional agriculture in Southeast Asia. A human ecology perspective. 1986 pp. 273-
292. 
157. Martini, E., Roshetko, J. M., van Noordwijk, M., Rahmanulloh, A., Mulyoutami, E., Joshi, L., et al. 
(2012). Sugar palm (arenga pinnata (wurmb) merr.) for livelihoods and biodiversity conservation in the 
orangutan habitat of batang toru, north sumatra, indonesia: Mixed prospects for domestication. 
Agroforestry Systems, 86(3), 401-417. doi:http://dx.doi.org/10.1007/s10457-011-9441-0  
158. Masto, R. E., Chhonkar, P. K., Purakayastha, T. J., Patra, A. K., & Singh, D. (2008). Soil quality 
indices for evaluation of long-term land use and soil management practices in semi-arid sub-tropical 
india. Land Degradation & Development, 19(5), 516-529. doi:10.1002/ldr.857  
159. Mathur, R. (1997). Effectiveness of various rodent control measures in cereal crops and plantations 
in india. Belgian Journal of Zoology, 127, 137-144.  
160. Méndez, V. E., Shapiro, E. N., & Gilbert, G. S. (2009). Cooperative management and its effects on shade 
tree diversity, soil properties and ecosystem services of coffee plantations in western el salvador. 
Agroforestry Systems, 76(1), 111-126. doi:http://dx.doi.org/10.1007/s10457-009-9220-3  
161. Mengistu, D. K. (2009). The influence of soil water deficit imposed during various developmental 
phases on physiological processes of tef (eragrostis tef). Agriculture Ecosystems & Environment, 
132(3-4), 283-289. doi:10.1016/j.agee.2009.04.013  
162. Mercado, A. R., Van Noordwijk, M., & Cadisch, G. (2011). Positive nitrogen balance of acacia mangium 
woodlots as fallows in the philippines based on ^sup 15^N natural abundance data of N2 fixation. 
Agroforestry Systems, 81(3), 221-233. doi:http://dx.doi.org/10.1007/s10457-010-9309-8  
163. Mercado, A.R., Jr. 2007. Potential of timber based hedgerow intercropping for smallholder 
agroforestry option on degraded soils in the humid tropics of Southeast. World Agroforestry Centre. 
Southeast Asia Regional Research Programme 
164. Mercado, A.R.;Tion, M.;Garrity, D.P.1993 Upland rice cultivars for improved acid upland rice-based 
farming systems  
165. Mialet-Serra, I., Clement-Vidal, A., Roupsard, O., Jourdan, C., & Dingkuhn, M. (2008). Whole-plant 
adjustments in coconut (cocos nucifera) in response to sink-source imbalance. Tree Physiology, 
28(8), 1199-1209.  
166. Miao, Y., Stewart, B. A., & Zhang, F. (2011). Long-term experiments for sustainable nutrient 
management in china. A review. Agronomy for Sustainable Development, 31(2), 397-414. 
doi:10.1051/agro/2010034  
167. Miranda Gern, R. M., Libardi Junior, N., Patricio, G. N., Wisbeck, E., Chaves, M. B., & Furlan, S. A. 
(2010). Cultivation of agaricus blazei on pleurotus spp. spent substrate. Brazilian Archives of Biology 
and Technology, 53(4), 939-944. doi:10.1590/S1516-89132010000400024  
168. Moser, G., Leuschner, C., Hertel, D., Hölscher, D., Köhler, M., Leitner, D., et al. (2010). Response of 
cocoa trees (theobroma cacao) to a 13-month desiccation period in sulawesi, indonesia. Agroforestry 
Systems, 79(2), 171-187. doi:http://dx.doi.org/10.1007/s10457-010-9303-1  
169. Motha, R., & Baier, W. (2005). Impacts of present and future climate change and climate variability 
on agriculture in the temperate regions: North america. Climatic Change, 70(1-2), 137-164. 
doi:10.1007/s10584-005-5940-1  
170. Mugendi, D., Nair, P., Graetz, D., Mugwe, J., & O'Neill, M. (2000). Nitrogen recovery by alley-
cropped maize and trees from N-15-labeled tree biomass in the subhumid highlands of kenya. 
Biology and Fertility of Soils, 31(2), 97-101. doi:10.1007/s003740050630  
171. Mui, N., Ledin, I., Uden, P., & Van Binh, D. (2002). The foliage of flemingia (flemingia macrophylla) 
or jackfruit (artocarpus heterophyllus) as a substitute for a rice bran - soya bean concentrate in the 
diet of lactating goats. Asian-Australasian Journal of Animal Sciences, 15(1), 45-54.  
172. Munster, T., Deleu, W., Wingen, L., Ouzunova, M., Cacharron, J., Faigl, W., et al. (2002). Maize 
MADS-box genes galore. Maydica, 47(3-4), 287-301.  
173. Mutegi, J. K., Mugendi, D. N., Verchot, L. V., & Kung'u, J. B. (2008). Combining napier grass with 
98 
leguminous shrubs in contour hedgerows controls soil erosion without competing with crops. 
Agroforestry Systems, 74(1), 37-49. doi:http://dx.doi.org/10.1007/s10457-008-9152-3  
174. Nakagawa, H., Harada, T., Ichinose, T., Takeno, K., Matsumoto, S., Kobayashi, M., et al. (2007). 
Biomethanol production and CO2 emission reduction from forage grasses, trees, and crop residues. 
Jarq-Japan Agricultural Research Quarterly, 41(2), 173-180.  
175. Ndayambaje, J. D., Heijman, W. J., M., Mohren, G. M., & J. (2013). Farm woodlots in rural rwanda: 
Purposes and determinants. Agroforestry Systems, 87(4), 797-814. 
doi:http://dx.doi.org/10.1007/s10457-013-9597-x  
176. Negash, M., Yirdaw, E., & Luukkanen, O. (2012). Potential of indigenous multistrata agroforests for 
maintaining native floristic diversity in the south-eastern rift valley escarpment, ethiopia. Agroforestry 
Systems, 85(1), 9-28. doi:http://dx.doi.org/10.1007/s10457-011-9408-1  
177. Ng, S. L., Cai, Q. G., Ding, S. W., Chau, K. C., & Qin, J. (2008). Effects of contour hedgerows on water 
and soil conservation, crop productivity and nutrient budget for slope farmland in the three gorges 
region (TGR) of china. Agroforestry Systems, 74(3), 279-291. doi:http://dx.doi.org/10.1007/s10457-
008-9158-x  
178. Norsworthy, J. K., Griffith, G. M., & Scott, R. C. (2008). Imazethapyr use with and without 
clomazone for weed control in furrow-irrigated, imidazolinone-tolerant rice. Weed Technology, 
22(2), 217-221. doi:10.1614/WT-07-157.1  
179. Okubo, S., Parikesit, Harashina, K., Muhamad, D., Abdoellah, O. S., & Takeuchi, K. (2010). Traditional 
perennial crop-based agroforestry in west java: The tradeoff between on-farm biodiversity and 
income. Agroforestry Systems, 80(1), 17-31. doi:http://dx.doi.org/10.1007/s10457-010-9341-8  
180. O'neill, M. K., Shock, C. C., Lombard, K. A., Heyduck, R. F., Feibert, E. B., G., et al. (2010). Hybrid poplar 
(populus ssp.) selections for arid and semi-arid intermountain regions of the western united states. 
Agroforestry Systems, 79(3), 409-n/a. doi:http://dx.doi.org/10.1007/s10457-010-9286-y  
181. Orden, E., Abdulrazak, S., Cruz, E., Orden, M., Ichinohe, T., & Fujihara, T. (2000). Leucaena 
leucocephala and gliricidia sepium supplementation in sheep fed with ammonia treated rice straw: 
Effects on intake, digestibility, microbial protein yield and live-weight changes. Asian-Australasian 
Journal of Animal Sciences, 13(12), 1659-1666.  
182. Orden,EA; Abdulrazak,SA; Cruz,EM; Orden,MEM; Ichinohe,T.; Fujihara,T.. Leucaena leucocephala 
and Gliricidia sepium supplementation in sheep fed with ammonia treated rice straw: Effects on 
intake, digestibility, microbial protein yield and live-weight changes. 
183. Ouinsavi, C., & Sokpon, N. (2008). Traditional agroforestry systems as tools for conservation of genetic 
resources of milicia excelsa welw. C.C. berg in benin. Agroforestry Systems, 74(1), 17-26. 
doi:http://dx.doi.org/10.1007/s10457-008-9109-6  
184. Pandey, C., & Sharma, D. (2003). Residual effect of nitrogen on rice productivity following tree 
removal of acacia nilotica in a traditional agroforestry system in central india. Agriculture 
Ecosystems & Environment, 96(1-3), 133-139. doi:10.1016/S0167-8809(02)00221-9  
185. Pandey, C.B., Pandya, K.S., Pandey, D., Sharma, R.B., 1999. Growth and productivity of rice (Oryza 
sativa) as affected by Acacia nilotica in a traditional agroforestry system. Trop. Ecol. 40 (1), 109–
117. 
186. Payan-zelaya, F., Harmand, J. M., Flores-macías, A., Beer, J., Ramos-espinoza, G., & de León González, 
F. (2013). Soil nutrient availability and CO2 production in agroforestry systems after the addition of 
erythrina poeppigiana pruning residues and native microbial inocula. Agroforestry Systems, 87(2), 439-
450. doi:http://dx.doi.org/10.1007/s10457-012-9565-x  
187. Pearce, A., Dillon, C., Keisling, T., & Wilson, C. (1999). Economic and agronomic effects of four 
tillage practices on rice produced on saline soils. Journal of Production Agriculture, 12(2), 305-312.  
188. Pearce,AD; Dillon,CR; Keisling,TC; Wilson,CE. Economic and agronomic effects of four tillage 
practices on rice produced on saline soils. Journal of Production Agriculture 1999 
189. PEOPLES, M., HERRIDGE, D., & LADHA, J. (1995). Biological nitrogen-fixation - an efficient source of 
nitrogen for sustainable agricultural production. Plant and Soil, 174(1-2), 3-28. 
doi:10.1007/BF00032239  
190. Pernito, R.;Garrity, D.P.1992 Farm level evaluation of drainage technology for mungbeans grown 
prior to lowland rice 
191. Prasad, J. V. N. S., Korwar, G. R., Rao, K. V., Mandal, U. K., Rao, C. A. R., Rao, G. R., et al. (2010). 
Tree row spacing affected agronomic and economic performance of eucalyptus-based agroforestry in 
99 
andhra pradesh, southern india. Agroforestry Systems, 78(3), 253-267. doi:10.1007/s10457-009-
9275-1  
192. Prasad, J. V., N, S., Korwar, G. R., Rao, K. V., Mandal, U. K., et al. (2010). Tree row spacing affected 
agronomic and economic performance of eucalyptus-based agroforestry in andhra pradesh, southern 
india. Agroforestry Systems, 78(3), 253-267. doi:http://dx.doi.org/10.1007/s10457-009-9275-1  
193. Puri, S., Bangarwa, K.S., 1992. Effects of trees on the yield of irrigated wheat crop in semi arid 
regions. Agrofor. Syst. 20, 229–241. 
194. Quan Nguyen, Minh Ha Hoang, Oborn, I., & van Noordwijk, M. (2013). Multipurpose agroforestry as 
a climate change resiliency option for farmers: An example of local adaptation in vietnam. Climatic 
Change, 117(1-2), 241-257. doi:10.1007/s10584-012-0550-1  
195. Rahman, M. H., Lund, T., & Bryceson, I. (2011). Salinity impacts on agro-biodiversity in three 
coastal, rural villages of bangladesh. Ocean & Coastal Management, 54(6), 455-468. 
doi:10.1016/j.ocecoaman.2011.03.003  
196. Rahman, S. A., Rahman, M. F., & Sunderland, T. (2012). Causes and consequences of shifting 
cultivation and its alternative in the hill tracts of eastern bangladesh. Agroforestry Systems, 84(2), 141-
155. doi:http://dx.doi.org/10.1007/s10457-011-9422-3  
197. Raigon, M., Yufera, E., Maquieira, A., & Puchades, R. (1996). Review article - the use of slow-release 
fertilizers in citrus. Journal of Horticultural Science, 71(3), 349-359.  
198. Rao, B. K. R., & Siddaramappa, R. (2008). Evaluation of soil quality parameters in a tropical paddy 
soil amended with rice residues and tree litters. European Journal of Soil Biology, 44(3), 334-340. 
doi:10.1016/j.ejsobi.2008.04.002  
199. Reyes, T., Quiroz, R., Luukkanen, O., & de Mendiburu, F. (2009). Spice crops agroforestry systems in 
the east usambara mountains, tanzania: Growth analysis. Agroforestry Systems, 76(3), 513-523. 
doi:http://dx.doi.org/10.1007/s10457-009-9210-5  
200. Rice, R. A. (2011). Fruits from shade trees in coffee: How important are they? Agroforestry Systems, 
83(1), 41-49. doi:http://dx.doi.org/10.1007/s10457-011-9385-4  
201. Roder, W., Phengchanh, S., & Keobulapha, B. (1997). Weeds in slash-and-burn rice fields in 
northern laos. Weed Research, 37(2), 111-119. doi:10.1046/j.1365-3180.1996.d01-6.x  
202. Roder, W., Phengchanh, S., & Maniphone, S. (1997). Dynamics of soil and vegetation during crop 
and fallow period in slash-and-burn fields of northern laos. Geoderma, 76(1-2), 131-144. 
doi:10.1016/S0016-7061(96)00100-0  
203. Roder, W., Rinzin, & Gyeltshen, T. (2003). Ficus auriculata - its relative importance in bhutan, 
farmers' preference and fodder quality. Agroforestry Systems, 57(1), 10-16.  
204. Roder, W., Rinzin, & Gyeltshen, T. (2003). Ficus auriculata -- its relative importance in bhutan, farmers' 
preference and fodder quality. Agroforestry Systems, 57(1), 11-17. 
doi:http://dx.doi.org/10.1023/A:1022940009857  
205. Rodriguez, A., Sanchez, R., Eugenio, M. E., Yanez, R., & Jimenez, L. (2010). Soda-anthraquinone 
pulping of residues from oil palm industry. Cellulose Chemistry and Technology, 44(7-8), 239-248.  
206. Roel, A., & Plant, R. (2004). Factors underlying yield variability in two california rice fields. 
Agronomy Journal, 96(5), 1481-1494.  
207. Roel, A., Firpo, H., & Plant, R. E. (2007). Why do some farmers get higher yields? multivariate 
analysis of a group of uruguayan rice farmers. Computers and Electronics in Agriculture, 58(1), 78-
92. doi:10.1016/j.compag.2006.10.001  
208. Rossetto, M., McLauchlan, A., Harriss, F., Henry, R., Baverstock, P., Lee, L., et al. (1999). 
Abundance and polymorphism of microsatellite markers in the tea tree (melaleuca alternifolia, 
myrtaceae). Theoretical and Applied Genetics, 98(6-7), 1091-1098. doi:10.1007/s001220051172  
209. Ruiz, V. E., Meloni, D. A., Fornes, L. F., Ordano, M., Hilal, M., & Prado, F. E. (2013). Seedling growth and 
water relations of three cedrela species sourced from five provenances: Response to simulated rainfall 
reductions. Agroforestry Systems, 87(5), 1005-1021. doi:http://dx.doi.org/10.1007/s10457-013-9615-z  
210. Ræbild, A., Hansen, U. B., & Kambou, S. (2012). Regeneration of vitellaria paradoxa and parkia 
biglobosa in a parkland in southern burkina faso. Agroforestry Systems, 85(3), 443-453. 
doi:http://dx.doi.org/10.1007/s10457-011-9397-0  
211. SAELEE, S., VITYAKON, P., & PRACHAIYO, B. (1992). Effects of trees on paddy bund on soil fertility 
and rice growth in northeast thailand. Agroforestry Systems, 18(3), 213-223. 
doi:10.1007/BF00123318  
212. Sagues, L., Lopez-Sanchez, J., Fortuny, J., Fabregas, X., Broquetas, A., & Sieber, A. (2000). Indoor 
100 
experiments on polarimetric SAR interferometry. IEEE Transactions on Geoscience and Remote 
Sensing, 38(2), 671-684. doi:10.1109/36.841997  
213. Saito, K., Linquist, B., Johnson, D. E., Phengchanh, S., Shiraiwa, T., & Horie, T. (2008). Planted legume 
fallows reduce weeds and increase soil N and P contents but not upland rice yields. Agroforestry 
Systems, 74(1), 63-72. doi:http://dx.doi.org/10.1007/s10457-008-9149-y  
214. Saito, K., Linquist, B., Keobualapha, B., Shiraiwa, T., & Horie, T. (2009). Broussonetia papyrifera 
(paper mulberry): Its growth, yield and potential as a fallow crop in slash-and-burn upland rice 
system of northern laos. Agroforestry Systems, 76(3), 525-532. doi:10.1007/s10457-009-9206-1  
215. Saito, K., Linquist, B., Keobualapha, B., Shiraiwa, T., & Horie, T. (2009). Broussonetia papyrifera (paper 
mulberry): Its growth, yield and potential as a fallow crop in slash-and-burn upland rice system of 
northern laos. Agroforestry Systems, 76(3), 525-532. doi:http://dx.doi.org/10.1007/s10457-009-9206-
1  
216. Sakai, H., & Itoh, T. (2010). Massive gene losses in asian cultivated rice unveiled by comparative 
genome analysis. Bmc Genomics, 11, 121. doi:10.1186/1471-2164-11-121  
217. SALAZAR, A., SZOTT, L., & PALM, C. (1993). Crop-tree interactions in alley cropping systems on 
alluvial soils of the upper amazon basin. Agroforestry Systems, 22(1), 67-82. 
doi:10.1007/BF00707472  
218. Sampedro, J., Lee, Y., Carey, R., dePamphilis, C., & Cosgrove, D. (2005). Use of genomic history to 
improve phylogeny and understanding of births and deaths in a gene family. Plant Journal, 44(3), 
409-419. doi:10.1111/j.1365-313X.2005.02540.x  
219. SAMRA, J., RAJPUT, R., & KATYAL, V. (1992). Structured heterogeneity of soil-ph and grain-yield of 
rice and wheat grown in a sodic soil. Agronomy Journal, 84(5), 877-881.  
220. Samsuzzaman, S., Garrity, D. P., & Quintana, R. U. (1999). Soil property changes in contour hedgerow 
systems on sloping land in the philippines. Agroforestry Systems, 46(3), 251-272. 
doi:http://dx.doi.org/10.1023/A:1006049711801  
221. Samsuzzaman, S., Garrity, D., & Quintana, R. (1999). Soil property changes in contour hedgerow 
systems on sloping land in the philippines. Agroforestry Systems, 46(3), 251-272. 
doi:10.1023/A:1006049711801  
222. Sangwan, P., Kovac, S., Davis, K., Sait, M., & Janssen, P. (2005). Detection and cultivation of soil 
verrucomicrobia. Applied and Environmental Microbiology, 71(12), 8402-8410. 
doi:10.1128/AEM.71.12.8402-8410.2005  
223. Sarwar, G., Hussain, N., Schmeisky, H., & Muhammad, S. (2007). Use of compost an environment 
friendly technology for enhancing rice-wheat production in pakistan. Pakistan Journal of Botany, 
39(5), 1553-1558.  
224. Scherder, E., Talbert, R., & Clark, S. (2004). Rice (oryza sativa) cultivar tolerance to clomazone. 
Weed Technology, 18(1), 140-144. doi:10.1614/WT-03-063  
225. Schneider, B., Torres, E., Martin, M., Schroder, M., Behnke, H., & Seemuller, E. (2005). 'Candidatus 
phytoplasma pini', a novel taxon from pinus silvestris and pinus halepensis. International Journal of 
Systematic and Evolutionary Microbiology, 55, 303-307. doi:10.1099/ijs.0.63285-0  
226. SCHROTH, G., & ZECH, W. (1995). Root length dynamics in agroforestry with gliricidia-sepium as 
compared to sole cropping in the semi-deciduous rain-forest zone of west-africa. Plant and Soil, 
170(2), 297-306. doi:10.1007/BF00010482  
227. SCHROTH, G., BALLE, P., & PELTIER, R. (1995). Alley cropping groundnut with gliricidia-sepium in 
cote-divoire - effects on yields, microclimate and crop diseases. Agroforestry Systems, 29(2), 147-
163. doi:10.1007/BF00704883  
228. Schroth, G., Oliver, R., Balle, P., Gnahoua, G., Kanchanakanti, N., Leduc, B., et al. (1995). Alley 
cropping with gliricidia sepium on a high base status soil following forest clearing: Effects on soil 
conditions, plant nutrition and crop yields. Agroforestry Systems, 32(3), 261-276. 
doi:10.1007/BF00711714  
229. Semwal, R., Maikhuri, R., Rao, K., Singh, K., & Saxena, K. (2002). Crop productivity under 
differently lopped canopies of multipurpose trees in central himalaya, india. Agroforestry Systems, 
56(1), 57-63. doi:10.1023/A:1021189113673  
230. Semwal, R., Maikhuri, R., Rao, K., Singh, K., & Saxena, K. (2002). Crop productivity under differently 
lopped canopies of multipurpose trees in central himalaya, india. Agroforestry Systems, 56(1), 57-63. 
doi:http://dx.doi.org/10.1023/A:1021189113673  
231. SERNA, M., LEGAZ, F., & PRIMOMILLO, E. (1994). Efficacy of dicyandiamide as a soil nitrification 
inhibitor in citrus production. Soil Science Society of America Journal, 58(6), 1817-1824.  
232. Serna, M., Legaz, F., & PrimoMillo, E. (1996). Improvement of the N fertilizer efficiency with 
101 
dicyandiamide (dcd) in citrus trees. Fertilizer Research, 43(1-3), 137-142. doi:10.1007/BF00747693  
233. Sharad Nema; Upadhyaya, S. D.. Pattern of litter decomposition and soil respiration in Acacia 
nilotica based agroforestry system on rainfed ecosystem. Journal of Tropical Forestry 2012 Vol. 28 
No. 1/2 pp. 19-24 http://www.cabdirect.org/abstracts/20123298122.html  
234. Sharad Nema; Upadhyaya, S. D.: Pattern of litter decomposition and soil respiration in Acacia 
nilotica based agroforestry system on rainfed ecosystem. Journal of Tropical Forestry 2012 Vol. 28 
No. 1/2 pp. 19-24 
235. Shetaewi, M., Abdel-Samee, A., & Bakr, E. (2001). Reproductive performance and milk production of 
damascus goats fed acacia shrubs or berseem clover hay in north sinai, egypt. Tropical Animal 
Health and Production, 33(1), 67-79. doi:10.1023/A:1010337628292  
236. Siles, P., Harmand, J., & Vaast, P. (2010). Effects of inga densiflora on the microclimate of coffee 
(coffea arabica L.) and overall biomass under optimal growing conditions in costa rica. Agroforestry 
Systems, 78(3), 269-286. doi:http://dx.doi.org/10.1007/s10457-009-9241-y  
237. Sileshi, G. W., Kuntashula, E., Matakala, P., & Nkunika, P. O. (2008). Farmers' perceptions of tree 
mortality, pests and pest management practices in agroforestry in malawi, mozambique and zambia. 
Agroforestry Systems, 72(2), 87-101. doi:http://dx.doi.org/10.1007/s10457-007-9082-5  
238. Simmonds, M. B., Plant, R. E., Pena-Barragan, J. M., van Kessel, C., Hill, J., & Linquist, B. A. (2013). 
Underlying causes of yield spatial variability and potential for precision management in rice systems. 
Precision Agriculture, 14(5), 512-540. doi:10.1007/s11119-013-9313-x  
239. Singh, L., Ghosh, L., Bargali, S. S., & Saxena, R. R. (2008). Influence of naturally occurring trees on 
field bunds and their impact on yield parameters of paddy crop. Range Management and 
Agroforestry, 29(2), 134-137.  
240. Sinukaban, N.;Tarigan, S. D.;Hidayat, Y.2000 Role of paddy rice fields sawah as sediment filter in 
agroforestry mosaics 
241. Smiley, G. L., & Kroschel, J. (2010). Yield development and nutrient dynamics in cocoa-gliricidia 
agroforests of central sulawesi, indonesia. Agroforestry Systems, 78(2), 97-114. 
doi:http://dx.doi.org/10.1007/s10457-009-9259-1  
242. Snelder, D. J., Klein, M., & Schuren, S. H. G. (2007). Farmers preferences, uncertainties and 
opportunities in fruit-tree cultivation in northeast luzon. Agroforestry Systems, 71(1), 1-17. 
doi:10.1007/s10457-007-9086-1  
243. Snoeck, D., Abolo, D., & Jagoret, P. (2010). Temporal changes in VAM fungi in the cocoa agroforestry 
systems of central cameroon. Agroforestry Systems, 78(3), 323-328. 
doi:http://dx.doi.org/10.1007/s10457-009-9254-6  
244. SOBRAL, B., BRAGA, D., LAHOOD, E., & KEIM, P. (1994). Phylogenetic analysis of chloroplast 
restriction enzyme site mutations in the saccharinae griseb subtribe of the andropogoneae dumort 
tribe. Theoretical and Applied Genetics, 87(7), 843-853.  
245. Somarriba, E., & Beer, J. (2011). Productivity of theobroma cacao agroforestry systems with timber or 
legume service shade trees. Agroforestry Systems, 81(2), 109-121. 
doi:http://dx.doi.org/10.1007/s10457-010-9364-1  
246. Soto-pinto, L., Anzueto, M., Mendoza, J., Ferrer, G. J., & de Jong, B. (2010). Carbon sequestration 
through agroforestry in indigenous communities of chiapas, mexico. Agroforestry Systems, 78(1), 39-
51. doi:http://dx.doi.org/10.1007/s10457-009-9247-5  
247. Souza, H. N., Cardoso, I. M., Fernandes, J. M., Garcia, F. C., P., Bonfim, V. R., et al. (2010). Selection of 
native trees for intercropping with coffee in the atlantic rainforest biome. Agroforestry Systems, 80(1), 
1-16. doi:http://dx.doi.org/10.1007/s10457-010-9340-9  
248. Stefani, F. O. P., & Hamelin, R. C. (2010). Current state of genetically modified plant impact on 
target and non-target fungi. Environmental Reviews, 18, 441-475. doi:10.1139/A10-022  
249. STEWART, T. (1992). Land-use options to encourage forest conservation on a tribal reservation in 
the philippines. Agroforestry Systems, 18(3), 225-244. doi:10.1007/BF00123319  
250. Styger, E., Fernandes, E. C., M., Rakotondramasy, H. M., & Rajaobelinirina, E. (2009). Degrading 
uplands in the rainforest region of madagascar: Fallow biomass, nutrient stocks, and soil nutrient 
availability. Agroforestry Systems, 77(2), 107-122. doi:http://dx.doi.org/10.1007/s10457-009-9225-y  
251. Styger, E., Rakotondramasy, H. M., Pfeffer, M. J., Fernandes, E. C. M., & Bates, D. M. (2007). 
Influence of slash-and-burn farming practices on fallow succession and land degradation in the 
rainforest region of madagascar. Agriculture Ecosystems & Environment, 119(3-4), 257-269. 
102 
doi:10.1016/j.agee.2006.07.012  
252. Su, X., Chu, Y., Li, H., Hou, Y., Zhang, B., Huang, Q., et al. (2011). Expression of multiple 
resistance genes enhances tolerance to environmental stressors in transgenic poplar (populus x 
euramericana 'guariento'). Plos One, 6(9), e24614. doi:10.1371/journal.pone.0024614  
253. Sugiura, T., Sumida, H., Yokoyama, S., & Ono, H. (2012). Overview of recent effects of global 
warming on agricultural production in japan. Jarq-Japan Agricultural Research Quarterly, 46(1), 7-
13.  
254. Sun, F., Liu, P., Ye, J., Lo, L. C., Cao, S., Li, L., et al. (2012). An approach for jatropha improvement 
using pleiotropic QTLs regulating plant growth and seed yield. Biotechnology for Biofuels, 5, 42. 
doi:10.1186/1754-6834-5-42  
255. Tachibana, S., & Yahata, S. (1996). Optimizing nitrogen fertilizer application for a high density 
planting of satsuma mandarin. Journal of the Japanese Society for Horticultural Science, 65(3), 471-
477.  
256. Tachibana, S., & Yahata, S. (2007). Yields and factors affecting the yield fluctuation of early ripening 
satsuma mandarin in greenhouse culture. Journal of the Japanese Society for Horticultural Science, 
76(3), 175-184. doi:10.2503/jjshs.76.175  
257. Taoka, K., Ohki, I., Tsuji, H., Furuita, K., Hayashi, K., Yanase, T., et al. (2011). 14-3-3 proteins act 
as intracellular receptors for rice Hd3a florigen. Nature, 476(7360), 332-U97. 
doi:10.1038/nature10272  
258. Terol, J., Naranjo, M. A., Ollitrault, P., & Talon, M. (2008). Development of genomic resources for 
citrus clementina: Characterization of three deep-coverage BAC libraries and analysis of 46,000 BAC 
end sequences. Bmc Genomics, 9, 423. doi:10.1186/1471-2164-9-423  
259. THOMAS, H., & SMART, C. (1993). Crops that stay green. Annals of Applied Biology, 123(1), 193-
219. doi:10.1111/j.1744-7348.1993.tb04086.x  
260. Tian, Y., Cao, F., & Wang, G. (2013). Soil microbiological properties and enzyme activity in ginkgo-tea 
agroforestry compared with monoculture. Agroforestry Systems, 87(5), 1201-1210. 
doi:http://dx.doi.org/10.1007/s10457-013-9630-0  
261. Tiralla, N., Panferov, O., & Knohl, A. (2013). Allometric relationships of frequently used shade tree 
species in cacao agroforestry systems in sulawesi, indonesia. Agroforestry Systems, 87(4), 857-870. 
doi:http://dx.doi.org/10.1007/s10457-013-9602-4  
262. Tiwari, T. P., Virk, D. S., & Sinclair, F. L. (2009). Rapid gains in yield and adoption of new maize 
varieties for complex hillside environments through farmer participation I. improving options through 
participatory varietal selection (PVS). Field Crops Research, 111(1-2), 137-143. 
doi:10.1016/j.fcr.2008.11.008  
263. Togashi, I. (1996). Effects of substrates and seeding method on fruiting body production in the 
bottle cultivation of armillaria species. Mokuzai Gakkaishi, 42(2), 186-193.  
264. Tomar, J. M. S., Das, A., & Arunachalam, A. (2013). Crop response and soil fertility as influenced by 
green leaves of indigenous agroforestry tree species in a lowland rice system in northeast india. 
Agroforestry Systems, 87(1), 193-201. doi:10.1007/s10457-012-9535-3  
265. Tomar, J. M., S., Das, A., & Arunachalam, A. (2013). Crop response and soil fertility as influenced by 
green leaves of indigenous agroforestry tree species in a lowland rice system in northeast india. 
Agroforestry Systems, 87(1), 193-201. doi:http://dx.doi.org/10.1007/s10457-012-9535-3  
266. Torres, R.O.;Pareek, R.P.;Ladha, J.K.;Garrity, D.P.1995 Stem-nodulating legumes as relay-cropped 
or intercropped green manures for lowland rice 
267. Upadhyaya, S. D.; Sharad Nema; Bhargava, M. K.. Agroforestry practices for food-fuel security in 
rainfed agro-ecosystem : a management option. Indian Journal of Agroforestry 2008 Vol. 10 No. 1 
pp. 15-18 
268. Vaithiyanathan, S., Bhatta, R., Mishra, A. S., Prasad, R., Verma, D. L., & Singh, N. P. (2007). Effect 
of feeding graded levels of prosopis cineraria leaves on rumen ciliate protozoa, nitrogen balance and 
microbial protein supply in lambs and kids. Animal Feed Science and Technology, 133(3-4), 177-
191. doi:10.1016/j.anifeedsci.2006.04.003  
269. Valentin, C., Agus, F., Alamban, R., Boosaner, A., Bricquet, J. P., Chaplot, V., et al. (2008). Runoff 
and sediment losses from 27 upland catchments in southeast asia: Impact of rapid land use changes 
and conservation practices. Agriculture Ecosystems & Environment, 128(4), 225-238. 
doi:10.1016/j.agee.2008.06.004  
270. Van Cooten, D., & Borrell, A. (1999). Enhancing food security in semi-arid eastern indonesia through 
permanent raised-bed cropping: A review. Australian Journal of Experimental Agriculture, 39(8), 
1035-1046. doi:10.1071/EA99054  
103 
271. Van Looy, T., Carrero, G. O., Mathijs, E., & Tollens, E. (2008). Underutilized agroforestry food products 
in amazonas (venezuela): A market chain analysis. Agroforestry Systems, 74(2), 127-141. 
doi:http://dx.doi.org/10.1007/s10457-008-9110-0  
272. van Oijen, M., Dauzat, J., Harmand, J., Lawson, G., & Vaast, P. (2010). Coffee agroforestry systems in 
central america: I. A review of quantitative information on physiological and ecological processes. 
Agroforestry Systems, 80(3), 341-359. doi:http://dx.doi.org/10.1007/s10457-010-9294-y  
273. Veddeler, D., Olschewski, R., Tscharntke, T., & Klein, A. (2008). The contribution of non-managed social 
bees to coffee production: New economic insights based on farm-scale yield data. Agroforestry 
Systems, 73(2), 109-114. doi:http://dx.doi.org/10.1007/s10457-008-9120-y  
274. Venkateshwarlu, M. (2008). Efficient protocol for the in vitro production of zizyphus mauritiana L. 
Plant Archives, 8(1), 115-117.  
275. von Stackelberg, M., Rensing, S. A., & Reski, R. (2006). Identification of genic moss SSR markers 
and a comparative analysis of twenty-four algal and plant gene indices reveal species-specific rather 
than group-specific characteristics of microsatellites. Bmc Plant Biology, 6, 9. doi:10.1186/1471-
2229-6-9  
276. Walter, L. C., Streck, N. A., Rosa, H. T., & Menegassi Bianchi Krueger, C. A. (2010). Climate change 
and its effects on rice. Ciencia Rural, 40(11), 2411-2418. doi:10.1590/S0103-84782010001100028  
277. Washington, W., Engleitner, S., Boontjes, G., & Shanmuganathan, N. (1999). Effect of fungicides, 
seaweed extracts, tea tree oil, and fungal agents on fruit rot and yield in strawberry. Australian 
Journal of Experimental Agriculture, 39(4), 487-494. doi:10.1071/EA98164  
278. Whitbread, A., Blair, G., Konboon, Y., Lefroy, R., & Naklang, K. (2003). Managing crop residues, 
fertilizers and leaf litters to improve soil C, nutrient balances, and the grain yield of rice and wheat 
cropping systems in thailand and australia. Agriculture Ecosystems & Environment, 100(2-3), 251-
263. doi:10.1016/S0167-8809(03)00189-0  
279. Whitbread, A., Blair, G., Naklang, K., Lefroy, R., Wonprasaid, S., Konboon, Y., et al. (1999). The 
management of rice straw, fertilisers and leaf litters in rice cropping systems in northeast thailand. 
2. rice yields and nutrient balances. Plant and Soil, 209(1), 29-36. doi:10.1023/A:1004519031550  
280. Wicke, B., Smeets, E. M. W., Akanda, R., Stille, L., Singh, R. K., Awan, A. R., et al. (2013). Biomass 
production in agroforestry and forestry systems on salt-affected soils in south asia: Exploration of 
the GHG balance and economic performance of three case studies. Journal of Environmental 
Management, 127, 324-334. doi:10.1016/j.jenvman.2013.05.060  
281. Wilhelmino, T.H.;Garrity, D.P.;Chirawat, V.1997 Management of Sesbania rostrata green manure 
crops grown prior to rainfed lowland rice on sandy soils 
282. Wu, T., Yu, M., Wang, G., Wang, Z., Duan, X., Dong, Y., et al. (2013). Effects of stand structure on wind 
speed reduction in a metasequoia glyptostroboides shelterbelt. Agroforestry Systems, 87(2), 251-257. 
doi:http://dx.doi.org/10.1007/s10457-012-9540-6  
283. Xu, J., van Noordwijk, M., He, J., Kim, K., Jo, R., Pak, K., et al. (2012). Participatory agroforestry 
development for restoring degraded sloping land in DPR korea. Agroforestry Systems, 85(2), 291-303. 
doi:http://dx.doi.org/10.1007/s10457-012-9501-0  
284. Xu, M., Sun, Y., & Li, H. (2010). EST-SSRs development and paternity analysis for liriodendron spp. 
New Forests, 40(3), 361-382. doi:10.1007/s11056-010-9205-0  
285. Yadav, R. S., Yadav, B. L., & Chhipa, B. R. (2008). Litter dynamics and soil properties under different 
tree species in a semi-arid region of rajasthan, india. Agroforestry Systems, 73(1), 1-12. 
doi:http://dx.doi.org/10.1007/s10457-008-9106-9  
286. Yamanoshita, T., Masumori, M., Yagi, H., & Kojima, K. (2005). Effects of flooding on downstream 
processes of glycolysis and fermentation in roots of melaleuca cajuputi seedlings. Journal of Forest 
Research, 10(3), 199-204. doi:10.1007/s10310-004-0140-9  
287. Yang, C., Kawahara, Y., Mizuno, H., Wu, J., Matsumoto, T., & Itoh, T. (2012). Independent 
domestication of asian rice followed by gene flow from japonica to indica. Molecular Biology and 
Evolution, 29(5), 1471-1479. doi:10.1093/molbev/msr315  
288. Yimyam, N., Rerkasem, K., & Rerkasem, B. (2003). Fallow enrichment with pada (macaranga 
denticulata (bl.) muell. arg.) trees in rotational shifting cultivation in northern thailand. Agroforestry 
Systems, 57(2), 79-86. doi:10.1023/A:1023949628251  
289. Yimyam, N., Rerkasem, K., & Rerkasem, B. (2003). Fallow enrichment with pada (macaranga 
denticulata (bl.) muell. arg.) trees in rotational shifting cultivation in northern thailand. Agroforestry 
Systems, 57(2), 79-86. doi:http://dx.doi.org/10.1023/A:1023949628251  
104 
290. Yokoyama, R., & Nishitani, K. (2004). Genomic basis for cell-wall diversity in plants. A comparative 
approach to gene families in rice and arabidopsis. Plant and Cell Physiology, 45(9), 1111-1121. 
doi:10.1093/pcp/pch151  
291. Youpensuk, S., Lumyong, S., Dell, B., & Rerkasem, B. (2004). Arbuscular mycorrhizal fungi in the 
rhizosphere of macaranga denticulata muell. arg., and their effect on the host plant. Agroforestry 
Systems, 60(3), 239-246. doi:10.1023/B:AGFO.0000024417.88703.65  
292. Youpensuk, S., Lumyong, S., Dell, B., & Rerkasem, B. (2004). Arbuscular mycorrhizal fungi in the 
rhizosphere of macaranga denticulata muell. arg., and their effect on the host plant. Agroforestry 
Systems, 60(3), 239-246. doi:http://dx.doi.org/10.1023/B:AGFO.0000024417.88703.65  
293. Yuan, Z., Zhang, C., Lin, F., & Kubicek, C. P. (2010). Identity, diversity, and molecular phylogeny of 
the endophytic mycobiota in the roots of rare wild rice (oryza granulate) from a nature reserve in 
yunnan, china. Applied and Environmental Microbiology, 76(5), 1642-1652. 
doi:10.1128/AEM.01911-09  
294. Zhang, C., Moutinho-Pereira, J. M., Correia, C., Coutinho, J., Goncalves, A., Guedes, A., et al. 
(2013). Foliar application of sili-K (R) increases chestnut (castanea spp.) growth and photosynthesis, 
simultaneously increasing susceptibility to water deficit. Plant and Soil, 365(1-2), 211-225. 
doi:10.1007/s11104-012-1385-2  
295. Zhang, J., Liu, W., Yang, X., Gao, A., Li, X., Wu, X., et al. (2011). Isolation and characterization of 
two putative cytokinin oxidase genes related to grain number per spike phenotype in wheat. 
Molecular Biology Reports, 38(4), 2337-2347. doi:10.1007/s11033-010-0367-9  
296. Zhang, L., Wang, B., Pan, L., & Peng, J. (2013). Recycling isolation of plant DNA, A novel method. 
Journal of Genetics and Genomics, 40(1), 45-54. doi:10.1016/j.jgg.2012.10.001  
297. Zhao, H., Yu, J., You, F. M., Luo, M., & Peng, J. (2011). Transferability of microsatellite markers 
from brachypodium distachyon to miscanthus sinensis, a potential biomass crop. Journal of 
Integrative Plant Biology, 53(3), 232-245. doi:10.1111/j.1744-7909.2010.01026.x  
 
Appendix 4 – Step 2 in the meta-analysis – 85 study 
references  
1. Adesina, F. C., Fasidi, I. O., & Adenipekun, O. C. (2011). Cultivation and fruit body production 
of lentinus squarrosulus mont. (singer) on bark and leaves of fruit trees supplemented with 
agricultural waste. African Journal of Biotechnology, 10(22), 4608-4611. 
2. Agus, F., Garrity, D., Cassel, D., & Mercado, A. (1998). Grain crop response to contour 
hedgerow systems on sloping oxisols. Agroforestry Systems, 42(2), 107-120. 
doi:10.1023/A:1006020319918 
3. Alegre, J., Rao, M., Arevalo, L., Guzman, W., & Faminow, M. (2005). Planted tree fallows for 
improving land productivity in the humid tropics of peru. Agriculture Ecosystems & 
Environment, 110(1-2), 104-117. doi:10.1016/j.agee.2005.04.007 
4. Amara, D., Sanginga, N., Danso, S., & Suale, D. (1996). Nitrogen contribution by 
multipurpose trees to rice and cowpea in an alley cropping system in sierra leone. Agroforestry 
Systems, 34(2), 119-128. doi:10.1007/BF00148156 
5. Bagavathiannan, M. V., Norsworthy, J. K., & Scott, R. C. (2011). Comparison of weed 
management programs for furrow-irrigated and flooded hybrid rice production in 
arkansas. Weed Technology, 25(4), 556-562. doi:10.1614/WT-D-11-00065.1 
6. Baggie, I., Zapata, F., Sanginga, N., & Danso, S. (2000). Ameliorating acid infertile rice soil 
with organic residue from nitrogen fixing trees. Nutrient Cycling in Agroecosystems, 57(2), 
183-190. doi:10.1023/A:1009844019424 
7. BAKER, J., & ALLEN, L. (1993). Contrasting crop species responses to Co2 and temperature - 
rice, soybean and citrus. Vegetatio, 104, 239-260. doi:10.1007/BF00048156 
8. Banik, P., Midya, A., Fajardo, S., & Kam, S. P. (2006). Natural resource inventory of luppi 
village, eastern plateau of india: Implications for sustainable agricultural development. Journal 
of Sustainable Agriculture,28(2), 85-100. doi:10.1300/J064v28n02_07 
9. Bardhan, S., Jose, S., Udawatta, R. P., & Fritschi, F. (2013). Microbial community diversity in a 
21-year-old temperate alley cropping system. Agroforestry Systems, 87(5), 1031-1041. 
doi:http://dx.doi.org/10.1007/s10457-013-9617-x 
105 
10. Bargali, S. S., Bargali, K., Singh, L., Ghosh, L., & Lakhera, M. L. (2009). Acacia nilotica-based 
traditional agroforestry system: Effect on paddy crop and management. Current 
Science, 96(4), 581-587. 
11. Bertomeu, M. (2012). Growth and yield of maize and timber trees in smallholder agroforestry 
systems in claveria, northern mindanao, philippines. Agroforestry Systems, 84(1), 73-87. 
doi:http://dx.doi.org/10.1007/s10457-011-9444-x 
12. Bhatt, B. P., Hussain, S., Walling, I., & Singh, J. K. (2009). Allelopathic effects of agroforestry 
trees on field crops in eastern himalaya, india. Allelopathy Journal, 24(2), 373-387. 
13. Bhatt, B., & Misra, L. (2003). Production potential and cost-benefit analysis of agrihorticulture 
agroforestry systems in northeast india. Journal of Sustainable Agriculture, 22(2), 99-108. 
doi:10.1300/J064v22n02_07 
14. Boye, J. I., Achouri, A., Raymond, N., Cleroux, C., Weber, D., Koerner, T. B., et al. (2013). 
Analysis of glabrous canary seeds by ELISA, mass spectrometry, and western blotting for the 
absence of cross-reactivity with major plant food allergens. Journal of Agricultural and Food 
Chemistry, 61(25), 6102-6112. doi:10.1021/jf305500t 
15. Budiadi, Kanazawa, Y., Ishii, H. T., Sabarnurdin, M. S., & Suryanto, P. (2005). Productivity of 
kayu putih (melaleuca leucadendron LINN) tree plantation managed in non-timber forest 
production systems in java, indonesia. Agroforestry Systems, 64(2), 143-155. 
doi:http://dx.doi.org/10.1007/s10457-004-0777-6 
16. Camero, A., & Franco, M. (2001). Improving rumen fermentation and milk production with 
legume-tree fodder in the tropics. Agroforestry Systems, 51(2), 157-166. 
doi:http://dx.doi.org/10.1023/A:1010607421562 
17. Cui, N., Du, T., Kang, S., Li, F., Hu, X., Wang, M., et al. (2009). Relationship between stable 
carbon isotope discrimination and water use efficiency under regulated deficit irrigation of 
pear-jujube tree. Agricultural Water Management, 96(11), 1615-1622. 
doi:10.1016/j.agwat.2009.06.009 
18. Dagar, J., Sharma, H., & Shukla, Y. (2001). Raised and sunken bed technique for agroforestry 
on alkali soils of northwest india. Land Degradation & Development, 12(2), 107-118. 
doi:10.1002/ldr.442 
19. Das, A., Tomar, J. M. S., Ramesh, T., Munda, G. C., Ghosh, P. K., & Patel, D. P. (2010). 
Productivity and economics of lowland rice as influenced by incorporation of N-fixing tree 
biomass in mid-altitude subtropical meghalaya, north east india. Nutrient Cycling in 
Agroecosystems, 87(1), 9-19. doi:10.1007/s10705-009-9308-1 
20. Das, T., & Das, A. K. (2010). Litter production and decomposition in the forested areas of 
traditional homegardens: A case study from barak valley, assam, northeast india. Agroforestry 
Systems, 79(2), 157-170. doi:http://dx.doi.org/10.1007/s10457-010-9284-0 
21. de Souza, H. N., de Graaff, J., & Pulleman, M. M. (2012). Strategies and economics of farming 
systems with coffee in the atlantic rainforest biome. Agroforestry Systems, 84(2), 227-242. 
doi:http://dx.doi.org/10.1007/s10457-011-9452-x 
22. Degen, A. A., Pandey, L. N., Kam, M., Pandey, S. B., Upreti, C. R., & Osti, N. P. (2010). Goat 
production and fodder leaves offered by local villagers in the mid-hills of nepal. Human 
Ecology, 38(5), 625-637. doi:10.1007/s10745-010-9342-2 
23. Delgado, M. E., M., & Canters, F. (2012). Modeling the impacts of agroforestry systems on the 
spatial patterns of soil erosion risk in three catchments of claveria, the 
philippines. Agroforestry Systems, 85(3), 411-423. doi:http://dx.doi.org/10.1007/s10457-
011-9442-z 
24. Delmotte, S., Tittonell, P., Mouret, J. -., Hammond, R., & Lopez-Ridaura, S. (2011). On farm 
assessment of rice yield variability and productivity gaps between organic and conventional 
cropping systems under mediterranean climate. European Journal of Agronomy, 35(4), 223-
236. doi:10.1016/j.eja.2011.06.006 
25. Dhakal, A., Cockfield, G., & Maraseni, T. N. (2012). Evolution of agroforestry based farming 
systems: A study of dhanusha district, nepal. Agroforestry Systems, 86(1), 17-33. 
doi:http://dx.doi.org/10.1007/s10457-012-9504-x 
26. Djumaeva, D., Lamers, J. P. A., Martius, C., & Vlek, P. L. G. (2012). Chlorophyll meters for 
monitoring foliar nitrogen in three tree species from arid central asia. Journal of Arid 
Environments, 85, 41-45. doi:10.1016/j.jaridenv.2012.03.008 
27. Dong, B., Molden, D., Loeve, R., Li, Y. H., Chen, C. D., & Wang, J. Z. (2004). Farm level 
practices and water productivity in zhanghe irrigation system. Paddy and Water 
Environment, 2(4), 217-226. doi:10.1007/s10333-004-0066-z 
106 
28. EVENSEN, C., DIEROLF, T., & YOST, R. (1994). Growth of 4 tree species managed as 
hedgerows in response to liming on an acid soil in west sumatra, indonesia. Agroforestry 
Systems, 27(3), 207-222. doi:10.1007/BF00705057 
29. EVENSEN, C., DIEROLF, T., & YOST, R. (1995). Decreasing rice and cowpea yields in alley 
cropping on a highly weathered oxisol in west sumatra, indonesia. Agroforestry 
Systems, 31(1), 1-19. doi:10.1007/BF00712052 
30. Fernández, M. E., Gyenge, J., Licata, J., Schlichter, T., & Bond, B. J. (2008). Belowground 
interactions for water between trees and grasses in a temperate semiarid agroforestry 
system. Agroforestry Systems,74(2), 185-197. doi:http://dx.doi.org/10.1007/s10457-008-
9119-4 
31. GARRITY, D., & MERCADO, A. (1994). Nitrogen-fixation capacity in the component species of 
contour hedgerows - how important. Agroforestry Systems, 27(3), 241-258. 
doi:10.1007/BF00705059 
32. Ghosh, P., & Kashyap, A. (2003). Effect of rice cultivars on rate of N-mineralization, 
nitrification and nitrifier population size in an irrigated rice ecosystem. Applied Soil 
Ecology, 24(1), 27-41. doi:10.1016/S0929-1393(03)00068-4 
33. Gill, R. I., S., Singh, B., & Kaur, N. (2009). Productivity and nutrient uptake of newly released 
wheat varieties at different sowing times under poplar plantation in north-western 
india. Agroforestry Systems, 76(3), 579-590. doi:http://dx.doi.org/10.1007/s10457-009-
9223-0 
34. Gravois, K., & Helms, R. (1996). Seeding rate effects on rough rice yield, head rice, and total 
milled rice. Agronomy Journal, 88(1), 82-84. 
35. Grogan, P., Lalnunmawia, F., & Tripathi, S. K. (2012). Shifting cultivation in steeply sloped 
regions: A review of management options and research priorities for mizoram state, northeast 
india. Agroforestry Systems, 84(2), 163-177. doi:http://dx.doi.org/10.1007/s10457-011-
9469-1 
36. Gupta, J., & Bujarbaruah, K. (2006). Organic production of leguminous fodders and their 
feeding value in rabbits. Indian Journal of Animal Sciences, 76(2), 151-153. 
37. Hamon, S., Dussert, S., Deu, M., Hamon, P., Seguin, M., Glaszmann, J., et al. (1998). Effects 
of quantitative and qualitative principal component score strategies on the structure of coffee, 
rubber tree, rice and sorghum core collections. Genetics Selection Evolution, 30, S237-S258. 
doi:10.1051/gse:19980714 
38. Herrera, W., Garrity, D., & Vejpas, C. (1997). Management of sesbania rostrata green manure 
crops grown prior to rainfed lowland rice on sandy soils. Field Crops Research, 49(2-3), 259-
268. doi:10.1016/S0378-4290(96)01003-9 
39. Hocking, D., Sarwar, G., & Yousuf, S. (1996). Trees on farms in bangladesh .4. crop yields 
underneath traditionally managed mature trees. Agroforestry Systems, 35(1), 1-13. 
doi:10.1007/BF02345325 
40. Hocking, D., & Islam, K. (1997). Trees on farms in bangladesh: 5. growth of top- and root-
pruned trees in wetland rice fields and yields of understory crops. Agroforestry 
Systems, 39(2), 101-115. doi:http://dx.doi.org/10.1023/A:1005999225770 
41. Hossain, M. (2001). Farmer's view on soil organic matter depletion and its management in 
bangladesh. Nutrient Cycling in Agroecosystems, 61(1-2), 197-204. 
doi:10.1023/A:1013376922354 
42. Jha, B., Thakur, M. C., Gontia, I., Albrecht, V., Stoffels, M., Schmid, M., et al. (2009). 
Isolation, partial identification and application of diazotrophic rhizobacteria from traditional 
indian rice cultivars. European Journal of Soil Biology, 45(1), 62-72. 
doi:10.1016/j.ejsobi.2008.06.007 
43. Jha, P., Mohapatra, K. P., & Dubey, S. K. (2010). Impact of land use on physico-chemical and 
hydrological properties of ustifluvent soils in riparian zone of river yamuna, india. Agroforestry 
Systems, 80(3), 437-445. doi:http://dx.doi.org/10.1007/s10457-010-9338-3 
44. Jose, S. (2009). Agroforestry for ecosystem services and environmental benefits: An 
overview. Agroforestry Systems, 76(1), 1-10. doi:http://dx.doi.org/10.1007/s10457-009-
9229-7 
45. Jose, S. (2011). Managing native and non-native plants in agroforestry systems. Agroforestry 
Systems, 83(2), 101-105. doi:http://dx.doi.org/10.1007/s10457-011-9440-1 
46. Khaliq, A., Matloob, A., & Riaz, Y. (2012). Bio-economic and qualitative impact of reduced 
herbicide use in direct seeded fine rice through multipurpose tree water extracts. Chilean 
Journal of Agricultural Research,72(3), 350-357. 
107 
47. KHYBRI, M., GUPTA, R., RAM, S., & TOMAR, H. (1992). Crop yields of rice and wheat grown in 
rotation as intercrops with 3 tree species in the outer hills of western himalaya. Agroforestry 
Systems, 17(3), 193-204. doi:10.1007/BF00054147 
48. Leroy, C., Sabatier, S., Wahyuni, N. S., Barczi, J., Dauzat, J., Laurans, M., et al. (2009). 
Virtual trees and light capture: A method for optimizing agroforestry stand 
design. Agroforestry Systems, 77(1), 37-47. doi:http://dx.doi.org/10.1007/s10457-009-9232-
z 
49. Li Su-Mei, Li Bao-Zhen, & Shi Wei-Ming. (2012). Expression patterns of nine ammonium 
transporters in rice in response to N status. Pedosphere, 22(6), 860-869. 
50. Lojka, B., Lojkova, J., Banout, J., Polesny, Z., & Preininger, D. (2008). Performance of an 
improved fallow system in the peruvian amazon--modelling approach. Agroforestry 
Systems, 72(1), 27-39. doi:http://dx.doi.org/10.1007/s10457-007-9079-0 
51. Lordan, J., Pascual, M., Fonseca, F., Villar, J. M., & Rufat, J. (2013). Use of rice husk to 
enhance peach tree performance in soils with limiting physical properties. Soil & Tillage 
Research, 129, 19-22. doi:10.1016/j.still.2013.01.002 
52. MacLean, R., Litsinger, J., Moody, K., Watson, A., & Libetario, E. (2003). Impact of gliricidia 
sepium and cassia spectabilis hedgerows on weeds and insect pests of upland rice. Agriculture 
Ecosystems & Environment, 94(3), 275-288. doi:10.1016/S0167-8809(02)00033-6 
53. Magcale-macandog, D. B., Rañola, F. M., Rañola, R. F., Ani, P. A., B., & Vidal, N. B. (2010). 
Enhancing the food security of upland farming households through agroforestry in claveria, 
misamis oriental, philippines.Agroforestry Systems, 79(3), 327-n/a. 
doi:http://dx.doi.org/10.1007/s10457-009-9267-1 
54. Orden, E., Abdulrazak, S., Cruz, E., Orden, M., Ichinohe, T., & Fujihara, T. (2000). Leucaena 
leucocephala and gliricidia sepium supplementation in sheep fed with ammonia treated rice 
straw: Effects on intake, digestibility, microbial protein yield and live-weight changes. Asian-
Australasian Journal of Animal Sciences, 13(12), 1659-1666. 
55. Pandey, C., & Sharma, D. (2003). Residual effect of nitrogen on rice productivity following tree 
removal of acacia nilotica in a traditional agroforestry system in central india. Agriculture 
Ecosystems & Environment,96(1-3), 133-139. doi:10.1016/S0167-8809(02)00221-9 
56. Pearce, A., Dillon, C., Keisling, T., & Wilson, C. (1999). Economic and agronomic effects of 
four tillage practices on rice produced on saline soils. Journal of Production Agriculture, 12(2), 
305-312. 
57. Quan Nguyen, Minh Ha Hoang, Oborn, I., & van Noordwijk, M. (2013). Multipurpose 
agroforestry as a climate change resiliency option for farmers: An example of local adaptation 
in vietnam. Climatic Change,117(1-2), 241-257. doi:10.1007/s10584-012-0550-1 
58. Rao, B. K. R., & Siddaramappa, R. (2008). Evaluation of soil quality parameters in a tropical 
paddy soil amended with rice residues and tree litters. European Journal of Soil Biology, 44(3), 
334-340. doi:10.1016/j.ejsobi.2008.04.002 
59. Roder, W., Phengchanh, S., & Keobulapha, B. (1997). Weeds in slash-and-burn rice fields in 
northern laos. Weed Research, 37(2), 111-119. doi:10.1046/j.1365-3180.1996.d01-6.x 
60. Roel, A., & Plant, R. (2004). Factors underlying yield variability in two california rice 
fields. Agronomy Journal, 96(5), 1481-1494. 
61. Roel, A., Firpo, H., & Plant, R. E. (2007). Why do some farmers get higher yields? multivariate 
analysis of a group of uruguayan rice farmers. Computers and Electronics in 
Agriculture, 58(1), 78-92. doi:10.1016/j.compag.2006.10.001 
62. SAELEE, S., VITYAKON, P., & PRACHAIYO, B. (1992). Effects of trees on paddy bund on soil 
fertility and rice growth in northeast thailand. Agroforestry Systems, 18(3), 213-223. 
doi:10.1007/BF00123318 
63. Saito, K., Linquist, B., Johnson, D. E., Phengchanh, S., Shiraiwa, T., & Horie, T. (2008). 
Planted legume fallows reduce weeds and increase soil N and P contents but not upland rice 
yields. Agroforestry Systems,74(1), 63-72. doi:http://dx.doi.org/10.1007/s10457-008-9149-y 
64. Saito, K., Linquist, B., Keobualapha, B., Shiraiwa, T., & Horie, T. (2009). Broussonetia 
papyrifera (paper mulberry): Its growth, yield and potential as a fallow crop in slash-and-burn 
upland rice system of northern laos. Agroforestry Systems, 76(3), 525-532. 
doi:10.1007/s10457-009-9206-1 
65. SALAZAR, A., SZOTT, L., & PALM, C. (1993). Crop-tree interactions in alley cropping systems 
on alluvial soils of the upper amazon basin. Agroforestry Systems, 22(1), 67-82. 
doi:10.1007/BF00707472 
66. SAMRA, J., RAJPUT, R., & KATYAL, V. (1992). Structured heterogeneity of soil-ph and grain-
yield of rice and wheat grown in a sodic soil. Agronomy Journal, 84(5), 877-881. 
108 
67. Samsuzzaman, S., Garrity, D. P., & Quintana, R. U. (1999). Soil property changes in contour 
hedgerow systems on sloping land in the philippines. Agroforestry Systems, 46(3), 251-272. 
doi:http://dx.doi.org/10.1023/A:1006049711801 
68. Sarwar, G., Hussain, N., Schmeisky, H., & Muhammad, S. (2007). Use of compost an 
environment friendly technology for enhancing rice-wheat production in pakistan. Pakistan 
Journal of Botany, 39(5), 1553-1558. 
69. SCHROTH, G., BALLE, P., & PELTIER, R. (1995). Alley cropping groundnut with gliricidia-
sepium in cote-divoire - effects on yields, microclimate and crop diseases. Agroforestry 
Systems, 29(2), 147-163. doi:10.1007/BF00704883 
70. Schroth, G., Oliver, R., Balle, P., Gnahoua, G., Kanchanakanti, N., Leduc, B., et al. (1995). 
Alley cropping with gliricidia sepium on a high base status soil following forest clearing: Effects 
on soil conditions, plant nutrition and crop yields. Agroforestry Systems, 32(3), 261-276. 
doi:10.1007/BF00711714 
71. SCHROTH, G., & ZECH, W. (1995). Root length dynamics in agroforestry with gliricidia-sepium 
as compared to sole cropping in the semi-deciduous rain-forest zone of west-africa. Plant and 
Soil, 170(2), 297-306. doi:10.1007/BF00010482 
72. Semwal, R., Maikhuri, R., Rao, K., Singh, K., & Saxena, K. (2002). Crop productivity under 
differently lopped canopies of multipurpose trees in central himalaya, india. Agroforestry 
Systems, 56(1), 57-63. doi:10.1023/A:1021189113673 
73. Simmonds, M. B., Plant, R. E., Pena-Barragan, J. M., van Kessel, C., Hill, J., & Linquist, B. A. 
(2013). Underlying causes of yield spatial variability and potential for precision management in 
rice systems. Precision Agriculture, 14(5), 512-540. doi:10.1007/s11119-013-9313-x 
74. Singh, L., Ghosh, L., Bargali, S. S., & Saxena, R. R. (2008). Influence of naturally occurring 
trees on field bunds and their impact on yield parameters of paddy crop. Range Management 
and Agroforestry, 29(2), 134-137. 
75. STEWART, T. (1992). Land-use options to encourage forest conservation on a tribal 
reservation in the philippines. Agroforestry Systems, 18(3), 225-244. 
doi:10.1007/BF00123319 
76. Styger, E., Fernandes, E. C., M., Rakotondramasy, H. M., & Rajaobelinirina, E. (2009). 
Degrading uplands in the rainforest region of madagascar: Fallow biomass, nutrient stocks, 
and soil nutrient availability.Agroforestry Systems, 77(2), 107-122. 
doi:http://dx.doi.org/10.1007/s10457-009-9225-y 
77. Styger, E., Rakotondramasy, H. M., Pfeffer, M. J., Fernandes, E. C. M., & Bates, D. M. (2007). 
Influence of slash-and-burn farming practices on fallow succession and land degradation in the 
rainforest region of madagascar. Agriculture Ecosystems & Environment, 119(3-4), 257-269. 
doi:10.1016/j.agee.2006.07.012 
78. Tomar, J. M., S., Das, A., & Arunachalam, A. (2013). Crop response and soil fertility as 
influenced by green leaves of indigenous agroforestry tree species in a lowland rice system in 
northeast india. Agroforestry Systems, 87(1), 193-201. 
doi:http://dx.doi.org/10.1007/s10457-012-9535-3 
79. Van Cooten, D., & Borrell, A. (1999). Enhancing food security in semi-arid eastern indonesia 
through permanent raised-bed cropping: A review. Australian Journal of Experimental 
Agriculture, 39(8), 1035-1046. doi:10.1071/EA99054 
80. Whitbread, A., Blair, G., Konboon, Y., Lefroy, R., & Naklang, K. (2003). Managing crop 
residues, fertilizers and leaf litters to improve soil C, nutrient balances, and the grain yield of 
rice and wheat cropping systems in thailand and australia. Agriculture Ecosystems & 
Environment, 100(2-3), 251-263. doi:10.1016/S0167-8809(03)00189-0 
81. Whitbread, A., Blair, G., Naklang, K., Lefroy, R., Wonprasaid, S., Konboon, Y., et al. (1999). 
The management of rice straw, fertilisers and leaf litters in rice cropping systems in northeast 
thailand. 2. rice yields and nutrient balances. Plant and Soil, 209(1), 29-36. 
doi:10.1023/A:1004519031550 
82. Wicke, B., Smeets, E. M. W., Akanda, R., Stille, L., Singh, R. K., Awan, A. R., et al. (2013). 
Biomass production in agroforestry and forestry systems on salt-affected soils in south asia: 
Exploration of the GHG balance and economic performance of three case studies. Journal of 
Environmental Management, 127, 324-334. doi:10.1016/j.jenvman.2013.05.060 
83. Yimyam, N., Rerkasem, K., & Rerkasem, B. (2003). Fallow enrichment with pada (macaranga 
denticulata (bl.) muell. arg.) trees in rotational shifting cultivation in northern 
thailand. Agroforestry Systems, 57(2), 79-86. doi:10.1023/A:1023949628251 
 
109 
Appendix 5 – Raw data on attached CD 
 
